PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 

International Bureau 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 4 : 

C12N 15/00, 1/20 // (C12N 1 :20 
C12R 1:465) 



Al 



(11) International Publication Number: WO 88/ 01646 

(43) International Publication Date: 10 March 1988 (10.03.88) 



(21) International Application Number: PCT/GB87/00598 

(22) International Filing Date: 25 August 1987 (25.08.87) 

(31) Priority Application Number: 900,428 

(32) Priority Date: 26 August 1986 (26.08.86) 

(33) Priority Country : US 



(60) Parent Application or Grant 

(63) Related by Continuation 
US 

Filed on 



900,428 (CIP) 
26 August 1986 (26.08.86) 



(71) Applicant (for all designated States except US): ALLE- 
LIX INC. [CA/CA]; 6850 Goreway Drive, Mississau- 
ga, Ontario L4V 1P1 (CA). 



(72) Inventors; and 

(75) Inventors/Applicants (for US only) : KOZLOWSKI, 
Maya [CA/CA]; 3 Tullamore Road, Brampton, On- 
tario L6N 1J6 (CA). GLASSE-DAVIES, Roger, 
Wayne [GB/CA]; R.R. No. 1, Limehouse, Ontario 
LOP 1 HO (CA). 

(74) Agent: EYLES, Christopher, Thomas; Batchellor, Kirk 
& Eyles, 2 Pear Tree Court, Farringdon Road, Lon- 
don EC 1 RODS (GB). 



(81) Designated States: AT (European patent), BE (Euro- 
pean patent), CH (European patent), DE (European 
patent), FR (European patent), GB (European pa- 
tent), IT (European patent), JP, LU (European pa- 
tent), NL (European patent), SE (European patent), 
US. 



Published 

With international search report. 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt 
of amendments. 



(54) Title: UNIVERSAL SYSTEM FOR TRANSPOSON MUTAGENESIS 



(57) Abstract 

Universal system for inducing genetic transposition in prokaryotic or eukaryotic cells. The system is universal in that 
it provides a means for inducing transposition in any organism. The invention further discloses plasmid vectors capable of 
mediating such genetic transposition, and novel uses for transposable elements. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to Identify States party to thePCTon the front pages of pamphlets publishing international appli- 
cations under the PCX 



AT 


Austria 


FR 


France 


ML 


Mali 


AU 


Australia 


GA 


Gabon 


MR 


Mauritania 


BB 


Barbados 


GB 


United Kingdom 


MW 


Malawi 


BE 


Belgium 


HU 


Hungary 


NL 


Netherlands 


BG 


Bulgaria 


IT 


Italy 


NO 


Norway 


BJ 


Benin 


JP 


Japan 


RO 


Romania 


BR 


Brazil 


KP 


Democratic People's Republic 


SD 


Sudan 


CF 


Central African Republic 




of Korea 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Korea 


SN 


Senegal 


CH 


Switzerland 


LI 


Liechtenstein 


SU 


Soviet Union 


CM 


Cameroon 


LK 


Sri Lanka 


TD 


Chad 


DE 


Germany* Federal Republic of 


LU 


Luxembourg 


TG 


Togo 


DK 


Denmark 


MC 


Monaco 


US 


United States of America 


FT 


Finland 


MG 


Madagascar 







WO 88/01646 



PCT/GB87/00598 



-1- 



TITLE OP THE INVENTION: 




FIELD OF THE INVENTION 
The invention pertains to a process for achieving 
genetic transposition in eukaryotic or prokaryotic 
cells. The invention also pertains to plasmids cap- 
able of mediating such transposition. The invention 
further pertains to novel uses of 



BACKGROUND ART * 

Transposable' elements are double stranded DNA 
molecules which possess the capacity to insert them- 
selves into other DNA molecules. The process by which 
a transposable element inserts itself, termed -trans- 
position, - requires a protein known as a "transposase" 
(Berg, D.E. et al . , Bio/Technolog y 1:417-435 (1983); 
Kleckner, N. , Ann. Bw . Genet. 15:341-404 (1981)). 

The transposition process results in the insertion 
of the transposable element into a particular site in 
a second DNA molecule. This insertion has four sig- 
nificant consequences. First, the original DNA se- 
quence of the second (recipient) DNA molecule is dis- 
rupted. This disruption extends not only to the nu- 
cleotide sequence of the second DNA molecule, but also 
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to the loss of the capacity to produce the functional 
gene product of the previously undisrupted gene. One 
characteristic of transposition is that it may involve 
any DNA sequence of the recipient DNA molecule (i.e. 
transposition may be random with respect to the reci- 
pient DNA sequence being disrupted). Thus, transposi- 
tion provides a powerful mechanism for mutagenizing 

DNA sequences. 

Second., since transposition results in the incor- 
poration of new DNA into a second DNA molecule, it 
provides a means of introducing heterologous DNA into 
a particular DNA sequence, and thus provides an alter- 
native to cloning strategies which employ extrachromo- 

somal plasmids. 

Third, .the insertion of a transposon may disrupt 
inRNA transcription, and hence can be used to study the 
transcriptional control of gene expression. 

Fourth, it is possible to engineer a transposable 
element so that its insertion into a DNA sequence can 
provide one with information regarding the expression 
and organization of the DNA sequences which flank the 
site of insertion. For example, it is possible to 
insert a gene which encodes a non-excreted protein 
near to the end of a transposable element. Such a 
transposable element provides a probe for promoters, 
and secretion signal sequences (Casadaban, M. , et al . , 
Proc. Natl. Acad. Sci (USA) , 76:4530-4533 (1979) ; 
Mansil, et al . , Proc. Natl. Acad. Sci (OSA) , 
82:8129-8133 (1975)). The insertion of such transpos- 
able elements places a gene whose expression can be 
readily monitored near to the junction between the 
transposable element and the disrupted DNA molecule. 




-3- 

WO 88/01646 PCT/GB87/00598 

Since the gene lacks a promoter region it cannot be 
expressed unless the insertion of the transposable 
element is such that it causes a promoter region, 
present on the disrupted molecule to become operably 
linked to the gene. Hence expression of the gene 
indicates the existence and location of a foreign 
promoter. The secretion of the gene product from the 
cell indicates the presence of a foreign secretion 
signal sequence at the junction site. By varying the 
culturing conditions it is possible to identify trans- 
posable elements which express the gene product only 
under certain circumstances (such as, for example, at 
elevated temperatures, in the presence of a particular 
molecule, etc.). The promoters which direct such 
expression are termed -conditional promoters. The 
identification of conditional, promoters is a manor 
present use of transposable elements. Thus, a fourth,, 
consequence of transposition is the ability to probe 
the genetic expression and organization of the recip- 

ient DNA molecule. 

Transposable elements are diverse in both size and 
functional organization. Simple transposable ele- 
ments, termed -insertion sequences," encode no func- 
tions unrelated to their own movement and are general- 
ly shorter than about 2 kb. Like all transposab le 
elements, insertion sequences possess specialized ter- 
mini which contain complementary sequences which are 
inverted repeats of one another. The presence of 
these inverted repeat sequences appears to be essen- 
tial for transposition. (Cohen, S.M., 
263:731-738 (1976)). Transposase enzymes are thought 
^"mediate transposition by binding to DHA sequences 
at both ends of the transposable element. 
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■Transposons" are transposable elements which are 
larger than insertion sequences and which encode sev- 
eral gene products (such as proteins which confer cel- 
lular resistance to antibiotics or other selectable 
determinants), in addition to the transposase enzyme. 
Certain viruses, such as mu, lambda, or SV40 which are 
capable of integrating into chromosomal DNA may also 
be considered as extremely large (greater than 20 kb) 
and complex transposable elements (Cohen, S.N*, Na- 
ture, 2638731-738 (1976)? Cornells, G., Bull. Inst. . 
Pasteur , 80:3-60 (1982); Howe, M.M., Virol., 55:103- 
117 (1973); Nash, H.A., Ann. Rev. Genet. 15:143-167 

(1981); Syvanen, M. , Ann. Rev. Genet., 18:271-294 

(1984)? international Revi ew of Cytology, Vol. 93, 
Reanney, D.C., Chambon, (Eds.), Acad. Press, Orlando, 

Pla. (1985)). 

The bacterial transposon Tn5 has been widely stu- 
died (see, Berg, D.E., et al ., .supra which is herein 
incorporated by reference). Tn5 contains a unique 
central DNA sequence of approximately 2,600 bp. This 
central region contains genes which confer cellular 
resistance to streptomycin/spectinomycin, as well as 
an aminoglycoside phosphotransferase gene, whose pro- 
duct confers cellular resistance to antibiotics such 
as Kanamycin or Neomycin in bacteria, or G418, in eu- 
karyotes (Berg, D.E. , et al. ). The presence of 
detectable determinants on transposons enormously 
facilitates their application to problems of molecular 

biology (Harayama, S., et al., J. Bacterid., 

153:408-415 (1983); Hui, I., et al., J. Bacteriol ., 
152:1022-1032 (1982)). These determinants greatly 
facilitate the detection of transposon containing 
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cells, permit the selection of populations of cells 
which contain transposons, and provide a means for 
maintaining pare cultures of transposon containing 



On either side of the central region is a 1,535 bp 
terminal region which contains the complementary in- 
verted repeat sequences necessary for transposition. A 
single base pair mutation in the left-hand terminal 
region of Tn5 has resulted in the inactivation of the 
transposase gene present in the left-hand' terminal 
region. Thus, the transposase gene present in the 
right-hand terminal region directs the synthesis of 
the transposase enzyme needed for the insertion of the 
transposable element. 

Prokaryotic transposable elements have been 
identified in only a small number of bacterial 
strains. Although the large bulk of prokaryotic 
microorganisms are not known to contain transposable 
elements it is probable that many of them will ulti- 
mately be found to contain them. It is recognized 
that there is a need to study the genetic organization 
and expression as well as the identification of genes 
in many bacterial genera which do not have developed 
genetics. This is specially important for biotech- 
nology and for industrially important bacteria. It is 
widely believed that the use of transposable elements 
would enormously facilitate the study of uncharacter- 
ized microorganisms. However, in many cases, it may 
be a difficult process to isolate and characterize 
transposable elements from a microorganism of 
interest. It would therefore be desirable to adapt 
well characterized transposable elements to function 
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in other genera of bacteria. The present inability to 
use transposons to study gene expression and organiza- 
tion has significantly encumbered efforts to under- 
stand and manipulate the genetics of many microorgan- . 
isms. Among those bacteria for which no transposition 
system has yet been identified are the P" tot »*£ 
bacteria, such as the Rhodospirillaes, the gliding 
bacteria, such as the Myxobacterales and the Cytopha- 
gales; the sheathed bacteria, such as S phaerotilus ; 
the budding and appendaged bacteria, such as £aulo- 
bacter : the Spirochetes, such as the Spirochaeteles; 
the spiral and curved bacteria such as the Spiril- 
laceae; the gram-negative aerobic rods and cocci, such 
as the Azotobacteraceae, the Rhizobiaceae, the Methyl- 
omonadaceae, the Halobacteriaceae; the gram negative, 
facultatively anerobic rods, such as the vibrionaceae, 
the Flavobacterium, and the Zymomonasj the gram-nega- 
tive, anaerobic bacteria, such as the Bacteroidaceae, 
the gram-negative cocci and . cocobacilli, such as the 
Heisseriaceae; the gram-negative anaerobic cocci, such 
as the Veillonellaceae, the gramnegative, chemolitho- 

« • j v.^ A i»a^aA f til© 




trophic bacteria, such as the 
Thiobacillus , the Siderocapsaceae; the methane produc- 
ing bacteria, such as the Methanobacteriaceae; the 
gram positive cocci, such as the Micrococcaceae, the 
Streptococcaceae, and the Peptococcaceae; the endo- 
spore forming rods and cocci, such as the Bacillaceae; 
the gram positive, non-spore forming, rod shaped bac- 
teria, such as the Lactobacillaceae; and the Actino- 
myces and related organisms such as the Coryneform 
group of bacteria, the Propionibacteriaceae, and the 
Actinomycetales such as the Actinomycetaceae, the 
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Mycebacteriaceae. the Actinoplanaceae, th. Nocardia- 
ceae and the Streptomycetaceae, the Rickettsia., such 
as the Eickettsial.s, and the Chlamydial.^, and the 
Mycoplasmas, such as the Mollicutes. Indeed, at 
present transposable elements are known only among the 
Enterobacteriaceae and the genus Pseudomonas 

Transposable elements have been found in eukary- 

_ , Freeling, M. , Ann, _ 

otes (Reanney, D.C., et_al. su£ra, Free «j, 

• «i «5c ^-7-7 oQA (1984 )/ Roeaer , G.&.r 
p»v. Plant Physiol., 35,277-298 (19o«'> 

et al , 12 Mobile Genetic Elements, Shapiro, J. A. 
"^dTT, Acad. Press, N.Y., pp 299-328, (1983)). 

Eespite the existence of eukaryotic transposable 
elements, they have, thus far, not been found to be as 
useful in the study of eukaryotic genetics as prokary 
otic transposable elements have been in the study of 
prokaryotic genetics. Natural eukaryotic transposable 
dements are significantly different from P«karyoti=, 
dements. Unlike all known prokaryotic elements, 
eukaryotic transposable elements are "trctran^s.ns 
(Baltimore,. D., Cell, 40 = 481-482 (1985).. ™e trans- 
position of a retrotransposon requires an R«A inter 
mediate. The formation of this interstate and its 
M . , to be dependent 

ultimate transposition is believeo o „„«, M . 

upon the secondary structure of the «« S *° S ^ 
element. Since the nature of this <^ » 
been full, resolved, it is not, as yet, pos.lbl to 
predict th. ability of an engineered eukaryotic trans- 
posable element to actually und.rgo 
Moreover, it appear, that natural transposition in 
^Karyotes is extremely mutagenic to the transposable 
element, thus further restricting the — 

eiements to function " ^J^ ^ 

(Boeke, J.D., et al .. Cell, 40.49X duu 
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Whereas prokaryotic transposable elements may be 
present in one or only a few copies per cell, eukaryo- 
tic cells may contain as many as 30-40 copies of a 
eukaryotic transposable element. These multiple 
copies of transposable elements significantly compli- 
cate genetic manipulations. Moreover, the presence of 
multiple copies of a transposable element may lead to 
recombi national events between two transposable 
elements resulting in the generation of additional 
mutations. Eukaryotic transposabre elements are far- 
less well characterized than prokaryotic transposable 
elements. Thus, it is at present not possible to en- 
gineer eukaryotic transposable elements to the same 
degree as can be accomplished with prokaryotic trans- 
posable elements. In general, eukaryotic transposable 
elements lack selectable determinants thus signifi- 
cantly complicating the selection and identification 
of cells that carry an engineered or recombinant 
transposable element. Thus, in summary, the major 
significant properties of prokaryotic transposable 
elements, which have rendered these transposable ele- 
ments so useful, are largely absent from eukaryotic 
transposable elements. 

Natural prokaryotic transposable elements are 
unable to undergo transposition in a eukaryotic cell. 
This inability results from the requirement that the 
transposase be present during the transposition event. 
If a natural prokaryotic transposable element was 
introduced into the nucleus of a eukaryotic cell it 
would not be able to express the transposase gene 
since the prokaryotic promoter regions of the element 
would not be recognized by the eukaryotic enzymes. 
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Even if the gene were transcribed, the RNA transcript 
would have to leave the nucleus in order to be trans- 
lated into the transposase enzyme. Thus, even if the 
RNA was translated into protein, the protein would be 
in the cell's cytoplasm. Transposition could not 
occur unless the enzyme was present in the cell's 
nucleus where the transposable element and the recip- 
ient DNA molecule are located. Since bacterial trans- 
posases have no means of identifying and entering the 
cell's nucleus, they are unable to catalyze transposi- 
tion in euJcaroytic cells. 

Jiminez, A. , et al ., (Nature, 287:869-871 (1980)) 
introduced the Tn5 transposable element into yeast in 
order to determine whether the element's aminoglyco- 
side phosphotransferase gene could be expressed in 
eukaryotic and be used as a selectable determinant in 
eukaryotes. Although this work, later extended by 
Colbere-Garapin, F. , et al ., (J i _Mol, Biol., 150:1-14 
(1981)), and Webster, T.D., et al ., (Gene, 26:243-252 
(1983)), showed that the gene could be expressed in 
eukaryotes, it also showed that the unaltered Tn5 
element could not undergo transposition in yeast. 
Thus, transposition in yeast and other eukaryotes 
could be observed only through the use of natural 
eukaryotic transposons and complex auxotrophic yeast 
strains (Scherer, S., et al ., Proc. Natl. Acad. Sci . 
U.S.A. , 76:4951-4955 (1979); Roeder, G.S., et al ., 
p fQC . Matl. Acad, 5*1. U.S.A. , 82:5428-5432 (1985)). 

Although it has not yet been possible to select 
for transposition in a eukaryotic cell, techniques 
involving shuttle transposition have been developed 
which permit one to use prokaryotic transposable ele- 
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ments to achieve transposon-mediated mutagenesis of a 
eukaryotic cell. In such techniques, yeast or other 
eukaryotic DNA is cloned, and introduced into a bac- 
terial strain, where a bacterial transposase catalyzes 
the transposition of a bacterial transposon into it. 
After transposition has occurred, the DNA is extracted 
from the bacteria and reintroduced into its original 
host cell, where it can then integrate by homologous 
recombination (Snyder, M., et al., Proc. Natl. Acad. 
Sci. U.S.A. , 83*730-734 -(1*86)1 Seifert, H.F., etal . , 
Proc. Natl. Acad. Sci - 0-S- A - > 83:735-739 (1986)). 
Since this technique requires homologous recombina- 
tion, it is limited to those eukaryotes in which such 
recombination is very stingent and precise (as in 
yeast) since otherwise replacement of the wild type 
gene by the transposon-mutated gene will be a very 
rare event, and difficult to detect. 

In conclusion, the prior art shows the desirabil- 
ity of using transposons to investigate, identify, 
modify, and control gene expression in eukaryotes. 
The prior art further shows the desirability of using 
transposons which, when integrated, permit the selec- 
tion of recipient cells from the total cell popula- 
tion. Although natural eukaryotic transposable ele- 
ments exist they are, in general, difficult to modify. 
Hence, the production of recombinant eukaryotic trans- 
posable elements, having the utility of prokaryotic 
elements, is not yet possible. By shuttling DNA be- 
tween bacteria and a eukaryotic cell, it is possible 
to achieve transposition of eukaryotic DNA which has 
already been cloned. As discussed above, the applic- 
ability of this technique is quite 
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No technique exists which is capable of directing 
such transposition directly in a eukaryotic cell. 
Such a technique would . be extremely useful f or the 
isolation and study of gene sequences. 

The prior art also shows the desirability of using 
transposons to investigate, modify, and control gene 
expression in those prokaryotic microorganisms for 
which no known or suitable transposition system cur- 
rently exists. The availability of a selectable 
transposition system for such microorganisms would 
greatly accelerate our understanding of their genetics 
and biochemistry. Since these prokaryotic microorgan- 
isms include the great bulk of economically important 
microorganisms, the ability to manipulate and control 
gene expression in these organisms is highly desir- 



BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows the cloning strategy through which 
the plasmids of the present invention were derived. 

Figure 2 shows the cloning strategy through which 
plasmid pMKK58 was constructed. Plasmid pMKK58 is an 
E. coll vector which contains an excisable DNA frag- 
ment containing a structural transposase gene. 

Figure 3 shows the cloning strategy through which 
plasmid pYMK2 was constructed. 

Figure 4 shows the functional map of plasmid pYMK2 
which is an E. coli- yeast shuttle vector capable of 
being used to provide a functional transposase enzyme 
to yeast. 

Figure 5 shows the restriction endonuclease cleav- 
age map of plasmid pYMK3 which is an E. coli-yeast 
shuttle vector capable of being used to provide a 
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functional transposase enzyme, and a transposase element to 
yeast. 

Figure 6 shows the results of hybridization experiments 
performed to demonstrate that the insertion of a eukaryotic 
transposable element can occur at different sites in the yeast 
chromosome. 

Figure 7 shows a restriction endonuclease map of plasmid 
pYMKlOO, which contains a transposable element capable of 
controlling the expression of genes which are located near to the 
site of its insertion. 

Figure 8 shows the use of an engineered transposable element 
to yield conditional mutations. 

Figure 9 shows a restriction endonuclease map of plasmid SMI 
which carries a transposable element and, therewith™, a Tn5 
transposase gene behind a Streptonyces promoter; 

Figure 10 shows a map or plasmid SM2 for Strep torryces 
transposition using a Mu-based transposable element; 

Figure 11 shows a map of plasmid SM3, similar to pSH2 shown in 
Figure 10 but having the transposase gene and the transposable 
element physically separated by the plasmid; 

Figure 12 and 13 show maps of plasmids YMK20 and YMK18, 
respectively, each of which is a deletion derivative of pYMK3 
(Figure 3) and incapable of transcribing functional transposase; 

Figure 14 is a map of plasmid YMK12 useful in eukaryotic 
transposition and having an ars replication region rather than a 
2 |i replication region; 

Figure 15 is a nap of plasmid YMK30 which contains uas 
sequences to prevent his tone binding in eukaryotes and incorporate 
a transposase gene behind an inducible promoter, and; 

Figure 16 is a nucleotide sequence representing the uas 
containing segment at one terminus of the transposable element on 
YMK30 {Fig. 15). 
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SUMMARY OF THE INVENTION 

A universal system is described, which is capable 
of mediating transposition in prokaryotic or eukaryo- 
tic cells. In order for genetic transposition to oc- 
cur, a cell must be provided with a transposable ele- 
ment and a functional transposase gene. Through the 
development of a series of novel recombinant plasmids, 
the present invention provides a transposable element 
and a modified transposase gene which will permit 
transposition to occur in any organism. 

The ability to induce genetic transposition per- 
mits the study and manipulation of prokaryotic or eu- 
karyotic cells, and is therefore a significant advance 
of importance in Biology, Agriculture, and Medicine. 

In detail, the present invention relates to a re- 
combinant DNA molecule which comprises a transposase 
gene having a restriction endonuclease recognition 
site, such that the transposase gene is capable of 
being operably linked to a DNA sequence selected from 
the group consisting of: a heterologous promoter 
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region and/or a heterologous nuclear localization sig- 




The Present invention additionally pertains to a 
DNA construct which comprises a transposase gene oper- 

cons localization signal sequence 

ably United to a nuclear locaiiia«» 

or to a heterologous promoter region. 

The present invention also relates to a transpos- 
ed element which contains an exogenous DK* sequence. 

The invention also pertains .to a DNA molecule 
which comprises a transposes element, and a PNA 
co„struct, P the DNA construct comprising • 
gene, the transposase gene being ^J 11 ^'" 
heterologous promoter region sequence and/or a hetero 
logons nuclear localization signal sequence. 

The invention also discloses a method for inducing 
genetic transposition in a prokaryotic cell which com- 
prises: 

(a) providing to the prokaryotic cell. 

(i) a transpo sable element, and 

(ii) a DNA construct which comprises a trans- 
posase gene operably linked to a hetero- 
logous promoter region, wherein the 
transposase gene expresses a transposase 
enzyme capable of recognizing the trans- 
posable element (i) and directing its 
transposition in the prokaryotic cell, 



(b) permitting the DNA construct (ii) to express 
the transposase gene and direct the transpo- 
sition of the transposable element UK 
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The invention further discloses a method for in- 
ducing genetic transposition in a eukaryotic cell 

which comprises: 

(a) providing to the eukaryotic cell, 

(i) a transposable element, and 

(ii) a DNA construct which comprises a trans- 
posase gene operably linked to a nuclear 
localization signal sequence, the nu- 
clear localization signal sequence being 
operably linked to a promoter region; 
the transposase gene being heterologous 
to the promoter region or the nuclear 
localization signal sequence, wherein 
the promoter region directs the synthe- 
sis of a transposase enzyme, the enzyme 
being linked to the amino acid sequence 
encoded by the nuclear localization sig- 
nal sequence, and capable of entering 
the nucleus of the eukaryotic cell; the 
enzyme being capable of recognizing the 
transposable element (i> and directing 
its transposition in the eukaryotic 
cell, and 

(b ) permitting the DNA construct (ii) to express 
the transposase enzyme and direct the trans- 
position of the transposable element (ii>. 

The invention also provides a method for control- 
ling the expression of a target gene in a prokaryotic 

cell which comprises: 

(a) providing to the prokaryotic cell, 

(i) a transposable element, the transposable 
element containing an exogenous DNA 
sequence which comprises a conditional 
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and heterologous promoter region 
sequence capable of directing the tran- 
scription in the prokaryotic cell of an 
additional DNA sequence when the addi- 
tional DNA sequence is linked to the 
transposable element, and 
(ii) a DNA construct which comprises a trans- 
posase gene operably linked to a- hetero- 
logous promoter region, wherein the 
transposase gene expresses a transposase 
enzyme capable of recognizing the trans- 
posable element U> and directing its 
transposition in the prokaryotic cell, 
(b , permitting the DNA construct (ii) to express 
the transposase gene and direct the trans- 
position of the transposable element <i>, and 
(O examining for the prokaryotic cell in which 
the ' transposition has occurred and in which 
the expression of the target gene is regu- 
lated by the conditional and 




promoter . 

The invention further provides a method 
controlling the expression of a target gene in a 
eukaryotic cell which comprises: 

(a) providing to the eukaryotic cell, 

(i) a transposable element, the transposable 
element containing an exogenous DNA 
sequence which comprises a conditional 
and heterologous promoter region 
sequence capable of directing the tran- 
scription in the eukaryotic cell of an 
additional DNA sequence when the addi- 
tional DNA sequence is linked- to the 
transposable element, and 
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(ii) a DNA construct which comprises a trans- 
posase gene operably linked to a nuclear 
localization signal sequence, the 
nuclear localization signal sequence 
being operably linked to a promoter 
region; the transposase gene being 
heterologous to the promoter region or 
to the nuclear localization signal 
sequence, wherein the promoter region 
directs the synthesis of a transposase 
enzyme, the enzyme being linked to the 
amino acid sequence encoded by the 
nuclear localization signal sequence, 
and capable of entering the nucleus of 
the eukaryotic cell; the enzyme being 
capable of recognizing the transposable 
element (i) and directing its transposi- 
tion in the eukaryotic cell, and 
(b) permitting the DNA construct (ii) to express 
the transposase enzyme and direct the trans- 
position of the transposable element (i) and 
(C ) examining for the eukaryotic cell in which 
said transposition has occurred and in which 
the expression of said target gene is regu- 
lated by said conditional and heterologous 
promoter* 

Additionally, the invention relates to the plas- 
mids pMKK58, pYMK3 , and pYMKlOO and their functional 




s. 



^ s eerevlsiae strain CMY135 (tr£ dele- 
tion; ura3-52 ) containing plasmid pYMK3 was deposited 
with the American Type Culture Collection (ATCC) , 
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Rockville, MD on June 19, 1986, and designated ATCC 
No. 20800. E. coll. - strains RRl containing plasmids 
PMKK58 and pYMKlOO were deposited with the American 
Type Culture Collection on August 1, 1986 and 
August 11, 1986 and given the designation ATCC No. 
67173 and ATCC No. 67185 respectively. 

DESCRIPTION OF THE PREFERRED EMBOD IMENTS 

Certain terms which are utilized in the specifica- 
tion and claims are defined as follows in order to 
provide consistent understanding thereof. 

Transposition is a genetic process through which 
DNA sequences, termed " transposable elements,- are 
inserted into the DNA sequence of a second DNA mole- 
cule. The process is catalyzed by an enzyme, termed a 
-transposase." The DNA sequence into which the trans- 
posable element is being inserted is herein termed the 
-recipient- DNA sequence. Importantly, transposition 
does not require DNA replication of the plasmid vector 
and thus may occur in a cell which contains a 
non-replicating plasmid having a transposable element 
and a functional transposase gene. 

A -transposase- gene is one which encodes a 
"transposase enzyme." A transposase enzyme is capable 
of catalyzing the transposition of a transposable ele- 
ment into a recipient DNA sequence, A transposase 
gene is said to be capable of directing the expres- 
sion or synthesis of a transposase enzyme if, upon 
introduction into a cell, the transposase gene pro- 
vides sufficient information to permit the cell to 
synthesize a transposase enzyme. 



WO 88/01646 



PCT/GB87/00598 



In addition to the transposase gene, some trans- 
posable elements (such as, Tn3) require the expression 
of additional genes (such as- a "Resolvase") in order 
to undergo transposition. Transposable elements which 
require such additional genes are disclosed in Mobile 
Genetic Elements , Shapiro, J . A . , et_al. , eds. (Acad. 
Press, NY, (1983)). In employing such transposable 
elements in accord with the present invention, it 
would, of course, be necessary to additionally provide 
the cell with functional genes capable of expressing 

these enzymes. 

The expression of a DNA sequence requires that the 
DNA sequence be "operably linked- to DNA sequences 
which contain transcriptional and transnational regu- 
latory information. An operable linkage is a linkage 
in which the regulatory DNA sequences and the DNA se- 
quences sought to be expressed are connected in such a 
way as to permit gene expression. The precise nature 
of the regulatory regions needed for gene expression 
may vary from organism to organism, but shall in gen- 
eral include a promoter region which, in prokaryotes, 
contains both the promoter (which directs the initia- 
tion of RNA transcription) as well as the DNA sequen- 
ces which, when transcribed into RNA, signal the ini- 
tiation of protein synthesis. Regulatory regions in 
eukoytic cells will in general include a promoter re- 
gion sufficient to direct the initiation of RNA syn- 
thesis. 

Two DNA sequences (a promoter region sequence and 
a gene sequence) are said to be operably linked if the 
nature of the connection between the two DNA sequences 
does not result in either the introduction of a frame 
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shift mutation, or interfere with the ability of the 
promoter region sequence to direct the transcription 
of the gene sequence, or of the gene sequence to be 
transcribed by the promoter region sequence. 

Thus, a promoter region would be operably linked 
to a gene if the promoter were capable of transcribing 
the gene. A nuclear localization signal sequence is 
said to be operably linked to a gene if the linkage 
results in the formation of a gene product which con- 
tains the amino acid sequence encoded by the nuclear 
localization signal sequence. A promoter region is 
said to be operably linked to a nuclear localization 
signal sequence if transcription from that promoter 
results in the formation of an mRNA transcript which 
is translatable into the amino acid sequence of the 
nuclear localization signal sequence. 

The ability to operably link a transposase gene to 
a heterologous promoter region and/or nuclear localiz- 
ation signal sequence requires, in general, the exis- 
tence of a restriction endonuclease recognition site 
between the transposase gene and the heterologous DNA 
sequence with which linkage is desired. As is well 
known in the art, the presence of such a site need 
have no effect on the transcription or translation of 
a DNA sequence which contains it. 

Since the invention discloses the insertion of a 
promoter region (or nuclear localization signal se- 
quence) into this site, any portion of the gene which 
originally preceded the locus of the site will be 
separated from the remainder of the gene by the in- 
serted region. Thus to minimize this loss it is de- 
sirable to introduce the endonuclease recognition site 
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at or near the beginning of the transposase gene. The 
restriction site may precede the first codon of the 
bul , aocording to . the present invention, must be 
♦ »ld after the end of that critical DSa sequence 

:rr bto\o; r us ^ whi^ 

Vw»ina expressed. Exam- 
natural transposase gene from being e* P 
natural v seq uences are the promoter 

nles of SUCh critical DNA se<iu<= 

P orot ein initiation sequence of the 

sequence or the protein in natural 

promoter region. _ Thus, for example, « 

p u v>« exoressed in an organism 

transposase gene could not be expres * 

transpose* ^ a particular nucleotide or 

because of the presence of a particuxa 

because « «r would be necessary to 

;=.":;:;::;: .... ..... »>. 

i n # the above described critical 

the nature or location of the aoo i ntro duce 

T u ns it is preferable to introduce 
DNA sequences. Thus, it P end of 

the restriction endonuclease. site between 



the restr 1Cti0 . ----- begin ning codons of the 

the promoter region and the g ^ 



the promos, — " " mQSt prefe rable to posi- 



T «*. first codon of the transposase gene. Regara- 
and the first codo introduced , it is important 

le ss of where this site is interfere 
that no DKA sequence be ^ ^ _ 

with the transcription or transiatio 
ase gene. Examples of D*A sequences which would inter 
fere with the transcription or translation of a gene 
fere witn we *,-™shift or termination 

are those sequences causing frameshift o 
mutations, or those which result in the loss of the 
mutations, o transposon gene, 

initiation codon iatqi ' 1UW 

Thu it is intent that the introduction of the 
restriction site permit the transposes, gen. to be 
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operably linked to a second DNA molecule containing a 
heterologous promoter or nuclear localization signal 



The restriction site described above may be either 
lost or retained after the promoter region and heter- 
ologous transposase gene have been operably linked. 

The considerations inherent in the selection of 
the desired restriction endonuclease sequence and its 
location with respect to the transposase gene are well 
known to those of ordinary skill in the art. 

The precise manner in which a transposase enzyme 
catalyzes transposition is not fully understood and 
not critical to an understanding of the present inven- 
tion. Potential mechanisms for transposition are dis- 
cussed in Berg, D.E., et_al. supra. It is, however, 
widely appreciated that for transposition to occur a 
transposase enzyme must recognize the terminal sequen- 
ces of a transposable element. A DNA sequence is said 
to be -recognized- by a transposase enzyme if the 
transposase enzyme is capable of specifically inter- 
acting with, or binding to, it. 

Transposition may occur either at a specific site, 
a preferential site, or at a substantially random site 
in the recipient DNA molecule. An example of site 
specific transposition is the integration of the bac- 
terial virus lambda into the E. coli chromosome (Nash, 
H.A., Ann. Rev. Genet. , 15*143-167 (1981)). An exam- 
ple of transposition which results in insertion into 
preferential sites is the transposition of the Tn3 
transposable element (Tu, CD., et — al. , 
19:151-160 (1980)). Examples of transposition which 
occur in a manner which is substantially independent 
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of the DNA sequence of the recipient DNA molecule 
(i.e. in a substantially random manner) are the trans- 
" position of the E. coli transposable element, Tn5, 
(Berg, D.E. et al ., supra ) and the integration of the 
E. coli virus, mu. As used herein, insertion is said 
to be -substantially independent" of the DNA sequence 
of a recipient DNA molecule if either no insertion 
site sequence preference is discernible, or if trans- 
position can be observed to occur into substantially 
any recipient DNA sequence. As used . herein, the terms 
-integrate," -insert," or "disrupt" are meant to be 

interchangable. 

The term -central DNA sequence" refers to a double 
stranded DNA sequence which is flanked on both sides 
by additional DNA sequences. Those DNA sequences 
which flank a central DNA sequence are referred to 
interchangeably as either "termini sequences" or "ter- 
minal sequences." Two termini sequences of DNA^are 
said to be "mutually complementary and inverted," if 
the termini sequence to the left of a central DNA se- 
quence is capable of annealing to the termini sequence 
of DNA present on the right side of a central DNA se- 
quence. An example of a DNA sequence which is mutual- 
ly complementary and inverted are the DNA sequences at 
the termini of Tn5 (Berg, D.E. et al. ) . 

A purely illustrative example of a transposable 

element is shown below: 

AATGCAGGTC AG TxxxxxAC TTAC CTGC ATT 

The central DNA sequence is designated by xxxx and 
the mutually complementary and inverted termini se- 
quences of DNA are represented by the flanking 13 base 
sequences. Although the flanking complementary and 
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inverted termini sequences are represented as a 13 
base sequence in the above example, it is to be under- 
stood that the actual mutually complementary and in- 
verted termini of a transposable element are consider- 
ably larger and differ from the illustrative 13 base 
sequences shown above. The mutually complementary and 
inverted termini sequences of the transposable element 
Tn5 are, for example, greater than 1,500 base pairs in 
length. The 13 base sequence, shown above is provided 
solely to serve as an example of a mutually comple- 
mentary and inverted termini sequence. As can be seen 
from the above example, the termini sequences need not 
be completely mutually complementary and inverted; a 
DNA sequence is considered to be mutually complemen- 
tary and inverted to another DNA sequence if a sub- 

- DNA sequences, are 



stantial number of bases in the 
mutually complementary and inverted. 

According. to the present invention, a transposable 



element may contain a -detectable marker gene 
-detectable determinant- which enables or facilitates 
the identification of cells which contain the trans- 
posable element. Typically, such marker genes enable 
the selection of cells which carry the transposable 
element by conferring, for example, cellular resis- 
tance to antibotics or by complementing an auxotrophic 
deficiency. Examples of such detectable marker genes 
are the aminoglyos ide phosphotransferase gene of Tn5, 
the ura3 gene of s»^h*romvces cerevisiae, or the 



Beta-lactamase gene of pBR322, etc.). Alternatively, 
a detectable marker gene may merely facilitate the 



screening of desired cells by expressing a product 
which can be readily detected. Examples of such 
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detectable marker genes are Beta-galactosidase and 
luciferase (Engebrecht, J., et^al. , Cell- * 
(1983)). a transposable element, as used in the 
invention. may also contain additional DNA sequences 
within the central region of the transposable element. 
These additional DNA sequences. i£ not normally found 
within a transposable element, are termed -exogenous 
sequences. The DNA sequence of a transposable element 
or a transposase gene may contain either homologous or 
heterologous DNA. A DNA sequence is said to be homol- 
ogous to a second DNA sequence, if both sequences are 
normally or naturally linked to on. another. A DNA 
sequence is said to be "heterologous- with respect to 
a second DNA sequence if the two DNA sequences are not 
normally, or naturally found to be operably linked to 
one another. An example of a transposable element 
which contains an exogenous sequence is a Tn5 trans- 
posable element whose' central region carries the urarl 

oen. of — t~. ~revisiae. Such sequences may 

be either cryptic (i.e. incapable of encoding the 
amino acid sequence of a protein) or -expressible 
(i e. capable of encoding the amino acid sequence of a 
protein). Examples of a cryptic DNA sequence are, 
sequences which lack transcriptional or translations! 
regulatory regions, gene fragments, and DNA sequences 
which contain only transcriptional and translational 
.regulatory regions but lack transcnbable DNA 
sequences. Examples of expressible sequences include 
transcribable sequences which contain transcriptional 
and translational regulatory regions, such as intact 
functional genes. It is possible to convert an 
expressible DNA sequence into a cryptic DNA sequence. 
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and vice versa , as for example by removing a promoter 
region from a DNA sequence which contains such a 
region operably linJced to an intact gene, or by adding 
a promoter region to a DNA molecule which had 

previously been cryptic. 

Thus, transposition requires the simultaneous pre- 
sence of three elements: a transposable element, a 
recipient DNA molecule, and a transposase enzyme. A 
transposable element, as used in this invention, may 
be any DNA sequence which comprises a central DNA re- 
gion bounded on both ends by termini regions which are 
recognizable by a transposase enzyme. It is possible 
for this central region to be of substantial size and 
to include several genes. It is desirable that at 
least one of these genes encodes a protein whose pres- 
ence can be readily . detected, or which confers a sur- 
vival advantage to recipient cell. The central region 
may additionally contain a transposase gene which may 
either be similar to or different from the transposase 
gene present in the right termini region. If the pro- 
duct of this gene is capable of recognizing the term- 
ini DNA regions of the transposable element, then the 
transposable element will be capable of inserting it- 
self into a recipient DNA molecule. If the central 
region does not contain a transposase gene, or if the 
transposase gene is not expressed or expresses a pro- 
duct which is incapable of recognizing the terminal 
DNA regions of the transposable element, then the 
transposable element will not undergo transposition 
unless a transposase enzyme capable of being expressed 
and functioning is additionally supplied. It is 
possible to direct transposition using two discrete 
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, „ one containing a transposable element and. 
molecules - one con lonal transposase gene. 

the second containing a func invant i 0 n may be 

^ "ansposable e - o - ^ ^ ^ 

present by itself las a <usc plasmi d DNA. 

L associated -*J^^ ^ J able element 

with cellular, viral o p cell . Thus, 
ltate it s -tr^ct- into a r, ~ 

£or example, one ma J element of the inven- 

which carries the transpo Bt lnto a 

tion, and introduce the ^transp ^ trans£orma - 

recipient cell along with th. P ^ ^ once 

tlon . An example of «=h J . elenent (a „d 

introduced into a cell, tQ ^ cell's nu- 

a „y « so « ated d D ^' e 1 in> the term "DNA construct- re- 
cleus. As used herein, tn deliberately 

. ™» seauence which has oeen 
£ers to a DNA seq prese nt on a plasmid, 

created. A DNA construct may be pre 

virus or chromosomal DNA molecule ^ 
A -notional derive o a Pla ^ 

B olecule whic |" ^e plasmid is cap- 

the same functions as tno« 

able of performing. se quence may be 

„«wnt invention, a una 
in the present mv ^ seV eral means: 

introduced into a cell y or mic ro- 

transduction, transformation conj fco use 

injection, although it i ^ ^ Macular, 

transformation (Botstein, D.. ; .'^abolism-^ 

£ *.v,~ YMst Saccjiaromyjcegj — ™s _ 

Bioloa^ of the Yea? - " ~ »l r N Y. , 11B-.607-636 

(1982)J S^. K. ^^^, Hs39 . 48 
ion, A.P., et al., J , » Clin. ,, 



T 
S 



;7? a 4M | -w* 



■T 



WO 88/01646 



28 



PCT/GB87/00598 



(1980); Wigler, M., et al ., Proc. Natl. Acad. Sci. 
U.S.A.. , 76:1373-1376 (1979)). 

One goal accomplished in the present invention is 
to provide a means for altering, or inactivating the 
expression of a target gene. A "target gene," as used 
herein, may refer to any recipient DNA sequence. 
Thus, if for example, one wished to isolate a Sacchar- 
omV ces strain in which the leu-2 gene had been dis- 
rupted by transposition, then the leu- 2 gene would be 
a target gene. Additionally, the term "target gene" 
may refer to any DNA sequence whose study or investi- 
gation is desired. Thus, for example, if one wished 
to study or investigate the leu-2 gene of Saccharo- 
myces, then the leu-2 gene would be a target gene. 

As discussed above, both the transposable element, 
and the recipient DNA sequence act in an essentially 
passive manner while undergoing transposition. The 
active participant in this process is the transposase 
enzyme (which- determines , for example, the extent of 
insertion "site specificity). 

I. ENGINEERED PROKARYOTIC TRANSPOSABLE ELEMENTS 

As discussed above above, a broad range of pro- 
karyotic microorganisms cannot be studied using trans- 
posable elements because no transposition systems have 
yet been elucidated which are capable of functioning 
in these species. One aspect of the present invention 
is to provide means for establishing a. transposition 
system in such prokaryotic stains. 

In order for a transposition system to function in 
a prokarytic cell, it is necessary to provide to the 
cell a transposable element and a functional transpos- 
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asa gene and, if required by the transposable element, 
other functional genes, such as a resolv.se gene 
Since the transposable element and the recipient DNA 
sequences are passive participants in the tradi- 
tion process, a transposition system can be developed 
in any proxaryotic cell capable or expressing a func- 
tional transposes.. The expression of a funct.-al 
transposase in a proxaryotic cell , requires that a 
transposase gen. be operably linxed to a functional 

» gf^m i nil wn{tv to observe transposi- 

promoter region. The inability ■ „.„,. 

tion in a transformable proxaryotic cell is therefore 
a reflection of the inebility of that cell to direct 
the expression of the transposase gene. 

One aspect of the present Invention is the discov- 
ery that this defect can be cured through the operable 
lilxage of a promoter, endogenous to the »"««^» 
in which transposition is sought, with a transposase 
gene. Thus, for example, a transposition system can 
L developed in any proxaryotic cell by providing to 
that cell the* TnS transposable element and a TnS 
transposes, which has been operably linxed to an endo- 
genous promoter of the microorganism 
position is sought. The present invention fulfills 
this need by providing a plasmid vector in which th. 
normal TnS transposes, promoter has been remov ed fr on 
the TnS transposes, gene in such a manner as ^ 
any promoter region to b.come operebly linked the TnS 



Thus, on. asp~t of th. pr.sent invention provides 
a system of transposition which maybe employed in any 
proxaryotic species. In order to .stab lish juch , . 
transposition system, it is necessery only to operably 
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link a promoter from the prokaryotic species in which 
transposition is desired, to a functional transposase gene. When 
such a recombinant transposase gene is introduced into a 
prokaryotic cell with a transposable element, genetic 
transposition will occur. Thus, this embodiment of the present 
invention is not limited to the narrow range of prokaryotic 
strains in which transposition as currently been observed, but 
rather is a general method applicable to all prokaryotic 
organisms* A review of known prokaryotic promoters is provided by 
Hawley et aK 1983, Nucleic Acid Res, 11, 2237-2255. 
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TT PROKARYOTIC TRANSPOSABLE ELEMENTS CAPABLE OF 
1 * UNDERGOING OR MEDIATING TRANSPOSITION IN 

EUKARYOTES ' shall be cao- 

In order that a transposasa enzyme shall De cap 

able of identifying and entering the nucleus of a 
eukaryotic cell, it is necessary that the transposase 
gene be operably linked to a DNA sequence, ^ termed a 
nuclear localization signal sequence which is itself 
ooerably linked to a functional eukaryotic promoter. 
A* nuclear localization signal sequence is a DNA se- 
quence which, when operably linked to a second DNA 
sequence and a promoter region, permits the protein 
specified by the DNA sequence and nuclear localization 
signal sequence to identify and enter the nucleus of a 
eukaryotic cell. Nuclear localization signal 

sequences are described in Kalderon, D.,. et_al. (Cell, 
39-499-509 (1984))? Silver, P.A., et__al. ( Proc. Natl. 
Zad Sci U.S.A., , 81:5951-5955 (1984)); Hall, M.N., et. 
al (Cell, 36:1057-1065 (1984)); and Davey, J., et_al. 
TJell7~10: 667-675 (1985)). Although any nuclear 
localisation signal sequence may be used in this in- 
vention it is preferable to use the nuclear localiza- 
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tion signal sequence of the large T antigen of SV40 
(Kalderon, D. , et al ., supra .). Any functional eukar- 
yotic promoter, such as the Metallothionein, silk fib- 
roin, insulin, SV 40 Large T promoter, etc., may be 
employed, however it is preferable to use the ADHI 
promoter of Saccharomyces cerevisiae . Such linkage 
will result in the formation of a hybrid transposase 
enzyme. The nuclear localization sequence is said to 
be heterologous with respect to the transposase gene 
if the nuclear localization sequence is linked to the 
transposase gene by recombinant DNA techniques or is 
not naturally found to be linked to the transposase 
gene. Examples of such heterologous nuclear localiza- 
tion sequence transposases are: the transposase 
resulting from the operable linkage of an SV40 nuclear 
localization sequence with the Tn5 transposase gene, 
and a eukaryotic promoter, or the transposase result- 
ing from the operable linkage of a transposase gene 
with the nuclear localization sequence of a different 
gene and a eukaryotic promoter. 

As discussed above, in order for a transposase 
enzyme to be able to catalyze transposition in a euk- 
aryotic nucleus, it must be capable of being expressed 
and of identifying and entering the nucleus of the 
eukaryotic cell. This objective is attained in the 
present invention through the operable (i.e., func- 
tional) linkage of a nuclear localization sequence 
(which is itself operably linked to a functional pro- 
moter) to a functional transposase gene. The trans- 
posase gene may be provided on a discrete DNA molecule 
or may, like the transposable element, be associated 
with cellular, viral or plasmid DNA. If the transpos- 
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ase gene is contained within the central region of a 
transposable element it will undergo transposition 
along with the transposable element. It is, however, 
possible to include a transposase gene on the same DNA 
molecule as that which contains the transposable ele- 
ment, but yet not include the transposase gene within 
the central DNA region of the transposable element. 
An example of such a DNA molecule is plasmid pYMK3 in 
which the transposase gene is not contained within the 
transposable element. In such a molecule, the trans- 
posase gene would not undergo transposition along with 
the transposable element. 

Thus, one aspect of the present invention provides 
a system for establishing transposition in any eukary- 
otic cell. .In order to establish such a transposition 
system it is necessary only to identify a promoter 
which will function in that eukaryotic cell and then 
to operably link such a promoter to a nuclear locali- 
zation sequence which is linked to a functional trans- 
posase gene. When such a recombinant transposase gene 
and a transposable element are introduced into the 
eukaryotic cell genetic transposition will occur. 
Thus, the present invention is generally applicable to 
any eukaryote, such as the Cyanophyta, the Eugleno- 
phyta, the Chlorophyta, the Chrysophyta, the Pyrro- 
phyta, the Phaeophyta, the Rhodophyta, the Myxomy- 
cophyta, the Eumycophyta, such as the Ascomycetes or 
the Basidiomycetes, the Bryophyta, the Tracheophyta , 
as well as the Porifera, the Mesozoa, the Coelente- 
rata, the Ctenophora, the Platyhelminthes, the Nemer- 
tina, the Acanthocepahala, the Aschelminthes, the 
Entoprocta, the Ectoprocta, the Phoronida, the Brachi- 
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opoda, the Mollusca, the Sipunculida, the Echiurida, 
the Annelida, the Onychophora, the Tardigrada, the 
Pentastomida, the Arthropoda, the Chaetognatha, the 
Echincdermata, the Pogonophora, the Hemi chorda ta, and 
the Chorda ta. Specifically included in the present 
invention are organisms of the phylum Chorda ta belong- 
ing to the classes Osteichthyes, Amphibia, Reptilia, 
Aves, and Mammalia. 

III. OSES OF THE ENGINEERED TRANSPOSABLE ELEMENT 

A. Adaption of Existing Techniques 

1. Engineered Transposable elements as 
Tools for Strain Construction 

The transposable elements of the present invention 
may be used in the same manner as natural prokaryotic 
transposable elements in the formation of novel cells 
or microorganisms. These novel cells or microorgan- 
isms may express new desired properties or may have 
been altered to prevent the further expression of 
undesirable properties. For example, the transposable 
elements of the invention may be used to produce 
derivative strains having new combinations of genes. 
Alternatively, they may be used to introduce foreign 
or "nonnatural" DNA sequences into a cell. Thus, the 
transposable elements of the invention, like natural 
prokaryotic transposable elements, may be properly 
considered to be tools for strain construction. 

The transposable elements of the invention may be 
employed as tools for strain construction in either of 
two possible and fundamentally different mannerss by 
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transposition, or by genetic recombination. In the 
process of transposition, the transposase enzyme of 
the invention catalyzes the insertion of the inven- 
tion's transposable element (which includes only the 
DNA between the termini regions of the transposable 
element, and no DNA beyond these regions) into the- DNA 
sequence of a recipient DNA molecule. Concomitant 
with this insertion is the disruption of the gene of 
the recipient DNA molecule into which the insertion 
occurs. Thus, one result of transposition is genetic 
mutation. 

If the insertion is substantially independent of 
the DNA sequence of the recipient DNA molecule, then 
it is possible for transposition to occur in an essen- 
tially random manner. The consequence of performing a 
transposition experiment on a population of cells or 
microorganisms, using the above-described transposase 
and transposable element, is the generation, of a 
collection of derivative cells or microorganisms, each 
of which possesses the same transposable element, but 
in which the precise site of integration of the trans- 
posable element is different. Thus, by screening 
among these derivative cells or microorganisms, it is 
possible in this invention to isolate a particular 
cell or microorganism in which a particular gene or 
DNA sequence has been disrupted by the insertion of 
the transposable element. Since the transposable 
element of the invention contains a selectable marker 
gene, it is possible to directly select for cells 
which have undergone transposition. 

In one embodiment of the present invention, (i.e. 
where the transposase gene does not undergo transposi- 
tion with the transposable element) one may preclude 
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the possibility that multiple transposition events 
will occur. The transposase enzyme which is encoded 
by the transposase gene of the right termini region of 
the Tn5 is not linked to either a nuclear localization 
signal sequence nor a functional eukryotic promoter. 
Thus, this transposase gene will not be functional in 
a eukaryotlc cell. In order for transposition to oc- 
cur in such a cell, it is necessary to supply the re- 
combinant transposase gene described above. If this 
recombinant transposase gene is not bounded by the 
terminal DNA sequences of the transposable element, 
then it will not undergo transposition along with the 




Since, in the above embodiment, the recombinant 
transposase' gene does not undergo transposition with 
the transposable element, the transposase gene will 
not stably integrate or replicate in the eukroytic 
cell, and will be irretrievably eliminated from the 
cell. The resulting cell contains an integrated 
transposable element, but does not contain any func- 
tional transposase gene. Thus, in this embodiment a 
subsequent transposition event could not occur. An 
example of a plasmic containing a transposable element 
consistant with this embodiment is the plasmid pYMK3 

(discussed below). 

The second use of the transposable elements of the 
present invention, as tools of strain construction, is 
to significantly facilitate genetic manipulations 
which involve genetic recombination. In such manipu- 
lations, it is desired to either alter the expression 
of a particular gene, or to introduce new genetic in- 
formation into a particular cell or microorganism. 
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Previously, such manipulations were often extremely 
tedious in that it was frequently difficult, or impos- 
sible, to select the desired cell or microorganism 
(which might be quite rare). 

Transposable elements, because of their ability to 
confer a selectable phenotype to recipient cells, have 
the potential for greatly facilitating such experi- 
ments (Kleckner, N. , et al ., J. Mol . Biol .,, 116:125- 
159 (1977). In this use of the transposable elements 
of the invention, selection is initially made for in- 
sertion which occurs by transposition into a DNA se- 
quence of a recipient DNA molecule adjacent to or 
within a desired target gene. The transfer of the 
desired target gene into a new cell or microorganism, 
or the mutation of the desired target gene can then be 
accomplished by first assaying for the presence of the 
transposable element (by its ability to confer a se- 
lectable phenotype), and then assaying for the expres- 
sion of the desired target gene. 

The transposable element of the present invention 
finds additional use as a portable region of DNA se- 
quence homology. Frequently, it is desirable to com- 
bine two DNA molecules (such as, for example, two 
plasmids) to form a single DNA molecule. Although 
this goal can often be achieved through the use of 
restriction endonucleases, such is not always the 
case. For example, if the two DNA molecules being 
combined are uncbaracterized, or contain no convenient 
restriction endonuclease sites, then techniques whxch 
employ restriction endonuceleases cannot be used. In 
such a situtation, it is possible to insert transpos- 
able elements into both DNA molecules, thereby creat- 
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ing regions of DNA sequence homology In both DNA 
molecules. Various bacterial and mammalian enzymes 
(such as, for example, RecA (Radding, CM. , supra .) > 
are capable of joining such DNA molecules through 
sequence specific recombination. 

2. Engineered Transposable Elements as 
probes of Gene Expression and Organiza- 
tion 

Like natural prokaryotic transposable elements, 
the transposable elements of the present invention 
have significant additional uses in the fields of 
molecular biology and recombinant DNA technology. The 
insertion of the transposable elements of the present 
invention into a eukaryotic cell will result in a dis- 
ruption of transcription. Thus by analysing either 
the size of RNA transcripts or the size of the peptide 
fragements of the disrupted gene one may determine the 
orientation of transcription and the location of the 
disrupted gene's promoter. In prokaryotic cells, the 
insertion of the transposable elements of the present 
invention result in the formation of polar mutations 
in the recipient DNA molecule. A polar mutation is- 
one which results in the interruption of mRNA trans- 
cription of a DNA sequence. Thus, if a promoter is 
believed to direct the transcription of a DNA 
sequence, and the transposable element of the present 
invention inserts itself between the promoter site and 
this DNA sequence, mRNA transcription will not proceed 
through the transposable element. Thus, the DNA se- 
quence which would normally have been transcribed by 
the oromoter will not be transcribed. Hence, the 
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transcriptional arrangement of a gene may be investi- 
gated through the use of transposable elements. In 
such an investigation, one would permit transposition 
to occur and then assess whether a particular gene is 
being expressed. Failure of a particular gene to be 
expressed would indicate either that the transposable 
element had directly inserted . into the target gene, or 
that it had inserted itself between the target gene 
and the normal promoter of the target gene. An exam-* 
pie of the use of transposable elements to elucidate 
transcriptional patterns in bacteria is provided by 
Harayama, S., et al » ( J, Bacteriol. , 153 :408-415 
(1983)). 

In the same manner that a natural prokayotic 
transposable element may be used to probe for the 
presence of promoters, the transposable element of the 
present invention may be used to search for secretion, 
processing, terminator, or other regulatory signal 
sequences. 

In order to search for such signal sequences, it 
is preferable to employ an engineered transposable 
element which has been further modified for this 
purpose. To search for a secretory signal sequence, 
one would adapt the technique of Casadaban, M. , et al . 
( Proc. Natl. Acad. Sci. U.S.A. , 76:4530-4533 (1979)) 
and construct a transposable element which contained 
an exogenous gene within the left terminal repeated 
region. Although any gene capable of expression may 
be employed, it is preferable to use a gene whose 
expression may be easily monitored. Examples of such 
genes are the beta-galactosidase gene of B. coli , or 
the chloramphenicol acetyl transferase gene of pBR325, 
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etc* Regardless of which exogenous gene Is employed, 
it is necessary to employ a genetic sequence which 
lacks a promoter. When such a transposable element 
inserts adjacent to an endogenous promoter region, the 
exogenous gene carried by the transposable element 
will be expressed, and will confer upon the recombi- 
nant cell a selectable phenotype. If the transposable 
element inserts next to a secretory signal sequence 
which is operably linked to a functioning promoter, 
then the resulting cell will not only synthesize the 
exogenous gene product, but will secrete it from the 
cell* If the exogenous gene product is one which can 
be easily monitored, its presence outside of the cell 
can easily be asertained. 

A transposase, like many biological catalysts, is 
capable of catalyzing both forward and reverse reac- 
tions. Thus, a .transposase may operate on a transpos- 
able element and a recipient DNA sequence 'to direct 
transposition ( the forward reaction) , and may operate 
upon an integrated transposable element to direct the 
excision of the transposable element from the 
recipient DNA molecule (the reverse reaction)* The 
excision of a transposable element, when mediated by a 
transposase enzyme, is a precise event (i.e., the 
transposable element is excised in such a manner as to 
reform the exact nucleotide sequence which existed In 
the recipient DNA molecule prior to the insertion of 
the transposable element)* 
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B. Novel uses of the Engineered Transpose 
Elements 

mnineered Transposable Elements 
Essential Gene. 

r>f the present invea- 
The transposable ^ transposition in 

tion , whether =^ ^ ^ ^ be modi£Ud so as 
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position !S the o P tranS posable element dis- ■ 
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gene may, therefore, be provided. The 
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either termini is possible when using this invention 
to regulate expression in a eukaryotic cell since for 
such cells an additional transposase gene is generally 
necessary. This modification may be accomplished ei- 
ther by mutation, or through the cloning of a known 
promoter region into the transposable element. Re- 
gardless of the source or origin of the promoter re- 
gion, or its position within the transposable element 
it is necessary, according to the present invention 
that the promoter region direct transcription toward 
the terminus of the transposable element and past its 
end. Additionally, it is desirable that the promoter 
region be capable of directing conditional expression 
of any DNA sequence to which it becomes operably 
linked. Thus, for example, suitable promoter regions 
would be those which direct transcription only at ele- 
vated temperatures, or in the presence or absence of a 
biological compound (i.e. a sugar, vitamin, ammo 
acid, etc.). Sometimes, in order to obtain such a 
conditional, promoter region, it is necessary to clone 
both a promoter region and a represser or inducer gene 
which controls that promoter region. Examples of such 
promoter regions and controlling genes are the lac 
promoter and the lac I gene, or the pL promoter of 

.phage lambda , and the lambda cl repressor 
It is, however, usually possible to utilize 
known conditional promoter regions from the organism 
under study which do not require the presence of an 
additional repressor/inducer gene in the vector, since 
the host cell provides these functions. An example of 
such a promoter region is the gallO promoter of Sac- 
charomvces cerevisiae which, when used in a wild type 
s^h.romvces cerevisiae cell will be under the con- 
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trol o£ the endogenous products of the gal4 aSiS2 
genes, and require the presence of galactose in the 
Ldlum for expression to occur. Figure 8 shows a dia- 
gramatical representation of this use of transposed 

elements, . 

Often, when working with poorly characterized pro- 

karyotic or eukaryotic cells, no conditional promoter 
region will have been previously identified In such 
a situation, ,*s would be obvious to one of ordinary 
skill, the previously described procedure for isolat- 
ing conditional promoters could be employed to iden- 
tify such promoter regions. Once conditional promoter 
regions had been identified, they could be cloned and 
ultimately positioned into the transposable element, 

as described above. 

Whan the above-described transposable elements 

undergo transposition, in a prokaryotic or 
cell, they will, at a detectable frequency, undergo 
transposition next to an essential gene If this 
transposition event results in the formation of an 
operable linkage between the essential »>••»**• 
conditional promoter region, then the essential gene 
will continue to be expressed despite the presence of 

- < ,«».«ecinn or tilS 



Will gyuui-iiu^ * . v u, _ 

the transposable element. Since the expression of the 
essential gene is dependant upon a conditional pro- 



meter, the cell will cease to grow and die when the 
culturing conditions are altered so as to repress or 

the ability of the promoter region to di- 




rect gene expression. _ 

Thus, the presence of an essential gene, operably 
to the above described transposable element 




could easily be detected by allowing transposition to 
occur and then screening the surviving cells for those 
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capable of growth only under conditions which permit 
the expression of the conditional promoter. Because 
the above described transposable elements contain 
detectable markers, the essential gene operably linked 
to them may easily be isolated and subjected to 
further investigation. Alternatively, a transposable 
element containing a non-conditional promoter may. be 
used in order to constitutively alter the expression 
of the adjacent gene. 

* 

2 Using Engineered Transposable Elements 
to Direct the Secretion of Naturally 
Non-Secreted Products 

It is additionally possible to modify the 
above-described transposable elements so as to enable 
them to direct the secretion of normally non-secreted 
gene products. This can advantageously be accomplish- 
ed by operably linking a secretory signal sequence to 
a promoter region which has been inserted lo$> the 
left-hand terminal region of the transposable element. 
The degree and control of secretion may be accomplish- 
ed by employing promoters having different levels of 
expression (i.e. strong or weak promoters) or by 
employing constitutive or conditional 




3. using Transposable Elements to 
Gene Expression 

The ability to operably link a conditional pro- 
moter to any gene permits one to replace or substitute 
a gene's normal promoter for a desired conditional 
promoter. Thus, if a gene is poorly expressed, or is 
expressed only under undesirable culturing condtions 
(such as subsequent to irradiation treatment, or at an 
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will be better understood by reference 
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specific examples which are , inc ^ ^ 
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limiting of the invention, unless specified. 

EXAMPLE 1 

o^m^mmm^mofmf^ i sttaln 

The plas»id el-nt Tn 5 . 

CSH4 «hi=h contained the «*" s * bactec lal strain 

* nwA was purified from cms 
Piasmid D- was p ^ ^ lacke4 tha 

and nsed to transfo ^.^ were 

transposed . !-»*. ^ and tr ^ 
kanamycin resistant were A carried tha 

m ants were found to contain plasmids which 
T „5 transposable element. One such oi . 9 enteQ 
„ „mvx^ was found to contain a Tn5 element: 

Ct the right hand inverted repeated termini 
so that the rig restr iction and the 

region was adjacent to * region 
nucleus cleavage site. This rig re striction 
was excised from the plasmid using the 
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enzymes Sal I and Bel I. Plasmid MP19 CP.L. Biochem- 
ical*) is a derivative of M13. Plasmid MP19 was sub- 
jected to digestion with Sal I and Bam HI restriction 
enzymes and the Sal I-Bd I fragment which contained 
the right hand terminal region of the Tn5 was intro- 
duced into this plasmid. The Sal I-Bcl 1 fragment 
contains the Tn5 transposase gene along with its 

promoter region. 

The MP19 derivative which contained the Tn5 trans- 
posase gene wa.s subjected to in vitro mutagenesis. 
Techniques of in vitro mutagenesis involving M13 or 
its derivatives are disclosed by KunJcel , C Proc. Natl. , 
& ca <L fei- O.S.A. , 82:488-492 (1985)) Nisbet, I.T., et_ 
al. (Gene_^nai7Tech^, 2:23-29 (1985)), and Bines, 
J~C, et al ., ( Gene , 11:207-218 (1980)), which are 
incorporated herein by reference. In brief, the 
procedure entails the synthesis of a synthetic oligo- 
nucleotide having a desired and defined DNA sequence. 
M13, or one of its derivatives, such as MPI9, is con- 
verted to its single strand form, and incubated in the 
presence of the synthetic oligonucleotide. Since the 
DNA of the oligonucleotide is controllably defined, it 
is possible to construct an oligonucleotide capable of 
pairing with a complementary DNA sequence present on 
the single stranded plasmid. Once base pairing has 
occured between the oligonucleotide and the single 
stranded plasmid, it is possible to extend the oligo- 
nucleotide using DNA polymerase to create a double 
stranded DNA molecule which may then be sealed by DNA 
ligase. When this double stranded DNA molecule is 
introduced into a bacterial cell semi-conservative DNA 
replication will result in the production of progeny 

which now contain the DNA sequence of the 
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oligonucleotide fragment (Messing, .. JffiJl > 
^_ M s,, ,:309 (1981). Thus, it one desire 

I ntroduce a point mutation, or an exogenous DNA se 
xntroduoe P ^ ^ ^ ooa uouia 

design an ux ^ then oursue the 

nation or exogenous D»A ^o introduce thl. 

above desoribed procedure. In order to 
station or exogenous DNA sequence into a 
region of a plasmid, .it is necessary to surround h, 
station or the exogenous DNA sequence with fianKi g 
DNA sequences which are complementary to the «* 
quence of the region whose mutagenisis is desired. 

oligonucleotide of 28 units having the 



An 

sequence: 



5 • -CAGAA 



GTTATCAGGGTCGACAACGTTAC-3 1 



^ • j allowed to aneal to the single 

was synthesized, and allowed *o 

stranded MPl# plasndd which contained the TnS tran 

DO sase gene. This oligonucleotide was used „ a 



posase gene. — * stranded 

pri ,er for DNA polymerase to thro . gh 
DNA plasmid which was made co-lently 



DNA plasmia waiw — - trans- 

the action of DNA ligase. This plasmid was tran, 
formed into E. ooli strain JM103 (Messing • *^ 
3apr a) and a plasmid which had incorporated the oligo^ 



l/egLt described above was ident if led and 
isolated. This oligonucl. .tide con a ns a Sal ^ 
restriction endonuclease cleavage site 
o acxeted bv DNA sequences which separate th, ^promoter 
region of the TnS transposase gene from the functional 

transposase gene itself. „„i„e«rln<j 
The above procedure was successful " peering 
a plasmid. designated MPl9-Transposase " instruct 
which contains a Sal I restriction endonuclease cleav 
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age site separating the Tn5 transposase gene from the 
promoter of that gene (i.e. the promoter regions and 
the transposase gene are operably linked) . The 
presence of this restriction endonuclease cleavage 
site does not affect the ability of the normal Tn5 
promoter to direct the transcription of the Tn5 trans- 
posase gene. Thus, plasmid MPl9-Transposase 57 
construct is capable of providing a functional trans- 
posase to B coli and related genera. The cloning 
strategy which led to the formation of MPl9-Trans- 
posase 57 construct is shown in Figure 1. 

Plasmid MP19-Transposase 57 construct was incubat- 
ed in the presence of the restriction endonucleases 
Sail and EcoRl and a 1.5 kb restriction fragment which 
contained the Tn5 transposase gene was isolated. This 
1.5 kb fragment lacked the normal transposase promoter 
region. Plasmid pBR322 was incubated in the presence 
of the Sail and EcoRl endonucleases and then incubated 
r wixh DtfA lisase and the 1.5 kb transposase gene frag- 
ment. Through this procedure a plasmid, designated 
pMKK58 was constructed. This cloning strategy is 

shown in Figure 2. 

Plasmid pMKX58 contains the Tn5 transposase gene. 
This gene is not operably linked to any promoter but 
is preceded by a Sal I restriction endonuclease site 
into which a promoter region or a nuclear localization 
signal sequence could be inserted to form an operable 
linkage with the transposase gene. 

Importantly, the presence of the Sal I restriction 
endonculease cleavage site of plasmid pMKK58 permits 
one to operably link the Tn5 transposase to any pro- 
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EXAMPLE 2 

gSTABLl SHlKG ft SYSTEM FOR TRANSPOSITION IN A 

- prqKARYOT t ^ MTrnnORGAMlSM 

„ kh^k a evstem for transposition 
In order to establish a system 

organism in which transposition is desire 
ed and purified by means well known in the art The 
pur«ied DNA is then subjected to random "Strxot.on 
endonuclease digestion, although it is preferable to 
use the restriction endonuclease Sal I to accompli* 
tnls digestion, any restriction endonuclease may be 
Gloved Plasmid P«K*S8 is incubated with Sal I 
: ? str ction endonuclease under conditions sufficient 
t : cleave the plasmid molecule at the Sal I recog - 
tion site present between the Tn5 transposase gene and 
tion site S> re jia.stion fragments (some of 

Its promoter. The random digestion rrag 
w n icn will contain functional promoter fragments, 
fbtained by restriction endonuclease ^ 
D-A of the proKaryotic microorganism is then 
in the presence of the Sal I-di,ested plasmid pMKKSS 
"nder conditions sufficient to ; 

tion ° f °°: ° n r toTe £ r-^sn: 

incorporated intc te Sal X P ^ ^ 

in "he art if a restriction endonucelase other 

than sal I or an isoschisomeric endonuclease is 

lov!d it will be necessary to adjust the termini 
employed, it: win ^ them 
of the plasmid and random fragments so as to make the 

. ffl , ntarv and ammenable to DNA ligation. The 
complementary ana a these manipulations 

orocedures need for the performing these man p 
P roce . « pt a i w (Molecular 

*«»-*>i in ManiatiSr ™. , et — 
are set rortn i» * . 

Cloning a Labortary Manual, Cold Sprmg Ha xbor , 
(19 e2>, which is herein incorporated by reference. 
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The result of the above manipulation is the gener- 
ation of a pool of recombinant .plasmids some of which 
ation or a v reaio n from the prokaryotic 

will contain a promoter region s. r 

„,« in which transposition is desired, op- 
microorganism in wnicn v 

erably linked to the TnS transposase gene. 
era iy a 1a e m id oool is them introduc- 

The above described plasmia poox 

ed into the profcaryotic microorganism <in 

position is desired, along with any transposabl e ele 

■» ™;n=1 oka regions are recognized by the 
ment whose terminal DNA reg - r „ioes- ' ■ - 

TnS transposase enzyme. although any or the 
ly described methods for introducing » into a pro 

fcaryotic microorganism maybe employed, it is m ,««- 

atTrererable to employ transformation . 

wl ll occur at a detectable frequency m those profcary 

otic microorganism which have received both a plasm 

oontaining a trensposable element and 

which the TnS transposase gene has been op 

linked to a cellular promoter region. 

"EXAMPLE 3 

gST^ISH^ OF A TRANSPOSITION SYSTEM IN A. 
-^^^Tm^ROORG^M USING PREVIOUSLY 

fT.ONED GENES 

DNA from any prokaryotic microorganism may ^ iso- 
lated and purified by means well known in the art. 
late* ana P sub i e cted to restriction endonu- 

Such DNA may then be subjecxea to 

clease cleavage and religated into a plasmid, such as 
for example. pBR3 22 , or alternatively any «*-«4e£ 

afiofl i n the microorganism in wtiicn 
able of replication in 

transposition is desired. 

Plasmids obtained by _the above_dea ^ 





are screened to identify individual plasmids which 
"ontain DBA inserts which give rise to the production 
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rontlini" lasmTd .by. for sample, using a plasmid 
containing p treating the transformed 

which cannot replicate, or by t * acridi ne 

cells with a plasmid such 
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marker of the transposable element one would is 
marlcer oi Tin« which transposition bad 

prokaryotic microorganisms in ^ ^ be 

occurred. Alternatively, the i 



occurred. , H _„.- n _ both a trans- 

performed with a single plasmid having both 
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posable element and the above-described transposase 
gene. 

As would be obvious to one of ordinary skill in 
the art, the preceding examples could be performed 
using any transposable element and are not restricted 
to the use of Tn5. For example, the transposase genes 
of other transposable elements could be isolated and 
operably linked to a heterologous promoter region. 
When such a construct, and a transposable element 
(recognized by the transposase) are introduced into a 
cell capable of recognizing the heterologous promoter 
region, genetic transposition will result. As 
indicated previously, some transposable elements 
require the expression of additional genes in order to 
undergo transposition (i.e. Tn3 and TnLO require a 
"resolvase") . Hence before such transposable elements 
will undergo transposition it will be necessary to 
clone these additional genes such that they are 
operably linked to a promoter capable of being 
recognized by the cell in which transposition is 
sought. When using a transposase gene other than that 
from Tn5, the restriction endonuclease cleavage site 
which is introduced between the endogoneous trans- 
posase promoter and the transposase gene is preferably 
one which is known not to cleave elsewhere in the 
transposase gene. Such a restriction endonuclease can 
easily be identified by incubating a plasmid which 
contains the transposase promoter-transposase gene 
with various endonucleases and identifing a restric- 
tion endonuclease which fails to cleave the plasmid 
into a linear form. The recognition site of such an 
enzyme then be synthesized and used as the oligo- 
nucleotide fragment as explained in Example 1. 
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Transposon Mutagensis of Strep tomyces 

An ability to transform organisms of the genus Streptomyces by 
transposition would be of particular value, given the industrial 
importance of this genus as, sources.jof antibiotic, anti-viral and 
anti -cancer compounds. For reasons given previously, transposons 
are particularly powerful tools for genetically analyzing such 
organisms as Streptomyces although, to date, no mechanism for 
attaining transposition has been reported for this genus* 

It is generally accepted in the art, for example, that such 
native transposable elements as Tn5, Tn916, Tn3 and JnlO are 
unable to transpose in Streptomyces . To Illustrate the ability of 
transposable elements designed in accordance with the present 
invention to overcome the drawbacks associated with obtaining 
transposition events in Streptomyces , three transposable elements 
of varying design were constructed and incorporated on a 
Streptomyces plasmid vector. Each of the elements was constructed 
using the principle on which aspects of the present invention are 
based i.e. by replacing the natural transposase gene promoter with 
a promoter which, In the present example, functions in 
Streptomyces . 
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Each of the three constructed elements described below was 
incorporated on a cloning vector known to function in 
Streptomyces, This vector pMT660 (see Birch and Cull urn, 1985, 
Microbiol 131, 1299-1303) exhibits temperature sensitive 
replication, becoming unstable at 42°C. By raising experimental 
temperatures therefore the plasmid will be lost from the culture, 
facilitating detection of a transposition event. Other 
distinguishing features, of. pMT660 include resistance to 
thiostrepton (Ts r ) which is therefore useful as a selectable 
marker, and the availability of various unique restriction sites, 
i ncl udi ng CI a I and Kpn I . 

The three engineered transposable elements components of which 

w 

were assembled in pUC18 and then incorporated into pMT660 as a 
pUC18 fragment, are described below and illustrated in 
accompanying drawings as noted, 

!• STN1 

The transposable element STN1 is based on well known, broad 
host range transposon Tn5 and retains many of its valuable 
features including the transposase structural gene, 
transposase binding sites i.e. termini of Tn5, and a region 
which encodes kanamycin resistance (Km r ). To adapt the 
transposon Tn5 for use in Strep tomyces however the natural 
promoter of the Tn5 transposase gene was replaced with a 
Streptomyces- recognized promoter i.e. the Pc promoter from 
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plasaid IJ101 (see Deng et al., Gene 43, 295-300) which 
promoter 1s known to function in both £• col i and 
Streptoayces . 

In addition to replacing the promoter for the transposase 
gene, the natural promoter of the Km r gene of TnS was also 
replaced by the Pc promoter. In general, it should be 
recognized that when an exogenous gene is contained on or 
incorporated into a transposable element, it is preferable and 
may be necessary to replace the promoter of that gene as well 
with a promoter better suited to the intended host to 
facilitate expression of the exogenous DNA. 

As a further modification of TnS to produce STM1, the termini 
of TnS were truncated to provide for the minimum transposase 
binding sequence at the termini of the element as described, 
for example, by Xwoh et al., 1981, Gene 13, 37-46. 

Thus STM1 fragments were individually synthesized, assembled 
in pUC18 and transferred to pMT660, providing pSMl as shown in 
Figure 9. As a transposable element, therefore, STN1 provides 
truncated Tn5 termini between which is a coding region for Tn5 
transposase under Pc promoter influence and, in tandem a 
coding region for Km r also under the influence of its own Pc 
promoter. 
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The transposable element is based on the phage Mu (see Bukham, 

w 

Ann. Rey. Genet* 1976, 10, 389-412), known to be a large 
transposable element. Phage Mu is, like Tn5, bound by sites 
to which transposase binds, which sites may be truncated 

without losing their affinity for transposase binding. The Mu 

»■ _ 

transposase enzyaes MuA and MuB are encoded in a region 
between the Mu termini and are under the influence of the 
natural promoter for MuA,B transposases expression. Also 
within the central region of phage Mu are regions encoding 
numerous phage proteins. 

As a transposable element, phage Mu has the advantages that it 
has been shown to transpose In vitro indicating that host 
factors are not required; also, its transposase enzymes MuA,B 
act in t rans i.e. are functional at a site remote from its 
site of synthesis, suggesting that it may be better able to 
function in a heterologous environment, such as in 
Streptomyces which is not a natural Mu host. 

To create STN2, pi asm id IF 110 {see ; > 

which contains a Km r gene between truncated Mu ends i.e. a 
"mini-Mu" segment was cut to remove the mini-Mu segment. 
Thereafter the Ka r fragment was removed and replaced with 
the Pc proraoter/Ka r coding region constructed in STM1 as 
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described above, thereby incorporating between the Mu ends a 
Kra r coding region under the influence of a Streptomyces- 
functional promoter. Also Incorporated within the Mu ends was 
a segment coding for MuA,B transposase under the influence of 
the tac promoter (see Amann et al., 1983, Gene, 25, 167-178). 
Again, each segment was assembled in pUC18 and then li gated 
into the Clal site of pMT660, thereby creating pSM2 shown in 
Figure 10. 



The transposable element STN3 is similar to STN2 in that both 
are based on the phage Mu. Element STN3 1s by design however, 
actually two separate segments one which codes for Mu 
transposase and another, separated on the pMT660 vector, which 
codes for Km r mini Mu. In the transposase coding segment, 
the MuA and B transposase coding region* is placed behind the 
promoter of the thiostrepton resistance gene of pMT660. The 
mini-Mu/Km r segment of pSM2 was incorporated on pMT660 by 
substituting it for the Ts r gene of pMT660. 

Thus pSM3 separates the transposase enzyme producing segment 
and the transposable element segment. This separation 
distinguishes pSM3 from pSM2 1n which the two segments are 
combined on the transposable element STN2. Plasmid pSM3, 



3. 



STM3 
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which incorporates these components separately is shown in 
Figure 11. 

Transposition of Streptomyces by STN1 

Strep tomyces strain TK24 was transformed with pSMl which contains 
transposable element STN1. Transformants were selected for growth 
in the presence of kanamycin and then screened for thiostrepton 
resistance at 30°C. The Kn£ t Tsf colonies were transferred to 
kanamycin containing growth medium and incubated at 42°C, a 
temperature at which the plasmid pMT660 is unable to replicate. 
Colonies were recovered which exhibited the Km r , Ts s 
phenotype, indicating that (1) the plasmid was unstable at 42°C 
and the Ts r phenotype was coordinately lost and that (2) the 
Km 1 * phenotype was retained despite the absence of functional 
plasmid vector, suggesting that transposition had occurred. 
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Example 4 



DEMONSTRATION O F TRANSPOSITION TN EUKARYOTE S 
The 1.5 kb ECO Rl-Sal I fragment o£ plasmid 
which contains the Tn5 transposes* gene was excised 
from plasmid P*ac=« and purified. A synthetic nuclear 
localisation signal sequence derived from the large 
antigen of SV40 (described previously) was synthesis- 
ed. This oligonucleotide had the following sequence: 

AATT ATG CCA AAG AAG AAG AGA AAG GTC GAAGATCCA TCGAC 

(PRO LYS LYS LYS ARG LYS VAL> 

The above oligonucleotide has three important 
properties. Firstly, the left most end provides , . 
recognition, site for the Eco RI 
nuclease, whereas the right hand termini 
recognition site for the Sal 1 restriction endonu 
clease (Meniatis. t., et_al., supra). Secondly, the 
sequence contains an ATG codon which would be 
recognised in a eukaryotic cell as a 
initiation site. Lastly, the oligonucleotide contain, 
a 21 base pair long sequence immediately adjacent to 
the ATG codon which duplicates the nuclear K*^ 1 "- 
tion signal sequence of the T-antigen. the , Sal J end 
of the synthetic oligonucleotide was ligatad I to the 
Sal I end of the 1.5 kb fragment described above 
thereby generating a single fragment having 2 fcoK 
ends . This fragment which contains the synthetic 
nuclear localisation signal and the Tn5 
oene was then introduced into the Boo HI site of 
plasmid PYCDE2. Plasmid pYCDE2 contains the °"f* ° t 
replication of the yeest 2 micron plasmid (Holl.nberg, 
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CP., Carr. Topics, Microbiol. Immunol., 96:119-144 
(1982)) as well as the origin of replication of 
plasmid pBR322 (Bolivar, P., et al., Gene, 2:95-113 
(1977)). Plasmid pYCDE2 also contains the ADHI 
promoter region of Saccharomy ces cerevisiae. The Eco 
RI site described above is immediately adjacent to the 

ADHI promoter region. 

The plasmid derived from this work, was designated 
pYMK2 and contained the ADHI promoter operably linked 
to a nuclear localization signal sequence which was to 
the Tn5 transposase gene. Thus, plasmid pYMK2 was 
capable of expressing a transposase eukaryotic cell 
which is capable of reentering the cellular nuclease. 
Plasmid pYMK2 is therefore a general eukaryotic vector 
capable of being used to provide a functional transpo- 
. sase enzyme to the nucleus of any eukaryotic cell 
which is capable of transcribing a gene from the least 
ADHI promoter. The cloning strategy through which 
plasmid pYMK2 was constructed is shown in Figure 3. 
The functional map of plasmid pYMK2 is shown in 
Figure 4. In addition, plasmid pYCDE2 contains the 
SaccharomYees cerevisiae trpl gene (Department of 
Genetics, University of Washington, Washington 
Research Foundation). 

A Tn5 element was modified so as to additionally 
contain the ura3 gene of Saccharo myces cerevisiae. In 
order to accomplish this, a plasmid containing the TnS 
element was purified and subjected to digestion with 
the endonuclease BamHI. This endonuclease recognizes 
and cleaves a site present in the central region of 
the Tn5 transposable element. A 2.2 kb BamHI-Bgl II 
fragment which contained the ura3 gene of Saccharo- 
myces cerevisiae (Rose, et al., Gene, 29:113-124 

(1984) was ligated into the BamHI site and a plasmid 
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containing a TnS derivative which contained the ura3 

gene was isolated. 

Plasmid pYMK2 was transformed into an E. coil 
strain which contained the above described modified 
Tn5 transposable element. After overnight growth, the 
transformants were pooled and plasmid pYMX2 » was 
extracted from them and purified. This preparation of 
plasmid pYMK2 was transformed into an E. coll , strain 
which did not contain TnS. Among the resulting trans- 
formants were those which exhibited resistance, to 
Jcanamycin. The plasmid from these transformants were 
isolated and shown to .contain the TnS transposable 
element. These plasmids were screened to identify 
plasmids in which TnS had inserted into a region other 
than either the 2 micron origin, trp^ gene, the 
beta-lactamase gene, the P BR322 origin of replication, 
or the recombinant transposase gene. Plasmids ful- 
filling these requirements are therefore suitable for 
providing both a transposable element and a functional 

4. a ,iVmvatic cell. When such a 

transposase gene to a eukroyotic cexi 

plasmid is transformed into a eukroyotic the recombi- 
nant transposase gene is expressed and catalyses the 
transposition of the plasmid-borne TnS transposable 
element into a recipient DKA molecule present in the 
nuclease of the euxroytic cell. 

resulted in the isolation of pYMK3 which fulfilled all 
of the above requirements. The restriction endonucle- 
ase map of pYMK3 is shown in Figure 5. 



1l mint 
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Example 5_ 

of two collected region*. 

«•« t£Ezi + ' « a lh « »eta-la=ta— « 
!enes aTwell as the both yeast and bacterial origin, 
of repl caSc. m addition this region 
the Sri* transpo.a.e.gene. with its eukaryotic promo- 
ter L second, or -transposable element region- con- 

1 ,« t nra-3 + gene and the antibiotic resis- 
tains the yeast ura J g«" - 

entire transposable ele- 

tance determinant gene. me «nt .. . 

• i. hr. eke ted by terminal DHA regions whicn 
ment region is bracketed oy lnve rted DNA 

contain the mutually complementary and inver 

"Till? p^'3 was introduced into S^sh^r^ 

^ spheroplasts of strain 0*13* 

- — , - ^4- a i (proc. Natl. Acaa. 

the method of Hinnen, A., et_al. (Fro 

Sci. O.S.A,. 75:1929-1933 .1978)). CMV135 yem.t cell, 
are deficient in their capacity to synthesis crypto 
phan .tr. deletion, and uracil 

ciencie. caused by these genetic lesions may be com 
^lamented by the tro and ura genes carried by plasmid 
• pYMK3. It is not however, possible to repair these 
lesion, through homologous recombination 





»e mixture of transformed cells and *™ »^ 
was plated on culture medium lacking uracil in order 
to .elect for the growth of yeast colonies from cells 
which bad received the plasmid pYMK3. Cells were 

„ * Medlum . * C Medium contains (per 500 ml) > 
grown on C Medium. K,HPO., 2.9g 

3.359 yeast nutrient broth, «.J39 2 4 
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succinic acid, 20 ml of 50% glucose, 16.6 ml of 60% 
glycerol, and 25 ml *C concentrate. C concentrate 
contains (per 300 ml): 120 mg each of adenine, 
arginine, histidine, isoleucine, leucine, methionine, 
tryptophan (unless deleted), tyrosine and uracil 
(unless deleted), 180 mg of lysine; 300 mg of phenyla- 
lanine, 600 mg of threonine and 900 mg of valine 
After 48 hours of incubation at 37°C, 2000 colonies/ 
plate had formed, indicating, a transformation frequen- 
cy of 200 transformants/ug of DNA. These ura yeast 
colonies were found to belong to one of two classes: 
" ura + trp" U%> or ura + , trp, + (99%). Those ura colon- 
ic which were also observed to be proficient in the 
biosynthesis of tryptophan <trp. + ) were found to con- 
tain the autonomously replicating .plasmid p¥MK3 . 
Th us, in these cells the ura-3 and trpl lesions were 
found to have been complemented by the ura3 and trol 

genes of plasmid pYMK3. _ • 

The detection of ura + , trtf colonies indicated 
that either genetic transposition or an anomalous re- 
arrangement or recombinantional event had occurred In 
approximately 1% of the ura + colonies. The 
these colonies no longer suffered from the effects of 
the ura3-52 mutation (i.e., the colonies were ura ), 
but lulTretained their auxotrophy for tryptophan 
(i.e., the cells were tro") indicated that in these 
cells the DNA sequences of the ura3 and trpl ***** 
(which had both been present on plasmid pYMK3) had 
become physically separated. Since genetic recombina- 
tion between the ura3-52_ mutation and the trp dele- 
tion of the yeast strain and the ura3 and trpl genes 
of plasmid pYMK3 was not capable of restoring ura or 
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trp+ actlvies the Isolation of these colonies suggested that a 
process other than either plasmid replication or generalized 
recombination had occurred. The effort to purify plasmid ONA from 
ura+ trp~ isolates and rescue it in E!. coli failed. This result 
suggested that pYMK3 had undergone a rearrangement resulting in a 
loss of the pBR322 portion. Two experiments were then performed 
which confirmed that pBR322 DNA was no longer present in yeast 
cells. 1) The ura+ trp' isolates were not able to produce a zone 
of clearance on a starch-iodine medium, which is normally observed 
in the AP r , p-lactamase producing cells (Chevaltier, et aj_. FE3S 
letters, 108:179-180 (1979)). 2) No homology was found when total 
ONA purified from the ura+ trp- cells was probed with 
radioactively labeled pBR322. 

Separation of ura and trp_ markers when introduced to yeast in 
standard cloning vectors has never been observed. In order to 
substantiate that the ura* trp' isolates arose as a result of an 
active transposase gene present on pYMK3, deletion derivatives of 

* — 

pYMK3 were constructed. In one case, the ADH1 promoter and about 
600 bases of the 5' end of the transposase gene were removed by 
cleaving pYMK3 with Sail and Xhol enzymes and then religating the 
vector, thereby providing pYMK20 shown In Figure 12. The 
parallel, another deletion derivative was created by restricting 
pYMK3 with Hind III to remove about 400 bases from the 3' end of 
the transposase gene, and the plasmid reli gated to provide pYHK18 
shown in Figure 13. 
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When yeast cells were separately transformed with pYMK3, pYMK18 
and pYHK20, mn* try colonies were observed only for those calls 
transformed wit* fM3 but not those transformed by the deletion 
derivatives p7M08 *r pYMK20 which are incapable of providing a 
functional mWA transcript of the transposase gene. The inability 
of the deletion derivatives to code for functional transposase 
mRNA was demonstrated by Northern analysis. Whereas RNA extracted 
from the host yeast Off 135 contaioed a component RNA which 
hybridized to a transposase DNA probe when the host was 
transformed by plasmids pYMK2, pYMK3 and pYCDE2, no hybridizable 
RNA component was detected in the hosts transformed with the 
deletion derivatives pYMC18 or pYMK20. 

Example 6 

DEMONSTRATION OF THE INSERTION OF AN ENGINEERED 
TRANSPOSABLE ELEMENT INTO THE CHROMOSOME OF 
> SACCHAROMYCES CEREVISIAE 

In order to isolate the yeast chromosomal DNA, 
which was linked to the inserted transposable elements 
of the nra* txyT yeast cells of Example 4, the total 
DNA of these cells was partially digested with the 
EcoRI restriction endonuelease. The DNA fragment 
obtained from this treatment were separated according 
to size on a 10-40% glucose gradient. Fragments of 
similar size were pooled, the DNA .precipitated with 
ethanol, dried in vaccuo and resuspended in 100-200 ul 
of TE buffer UOmH Tris, liaM EDTA pH8.0). The DNA 
fragments from each pool were ligated into the EcoRI 
site of the plasaid pBR329 (Covarrubias, et al. (Gene, 
17:79-89 (1982)). E. coll strain RRI were transformed 
with the ligation mixtures • Transf ormants were 
selected on agar containing kanamycin and screened for 
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resistance to ampicillin CAp ) r tetracycline <Tc > and 
kanamycin CXa R ) . This procedure resulted in the 
identification of a group of plasmids in which the 
cloned yeast chromosomal DNA contained a kanamycin 
res i stance determinant . Since the kanamycin 

resistance determinant was originally associated with 
a transposable element, the plasmids were further 
analyzed to determine whether they contained the ura3 

gene of the transposable element. Thus, E. col i 

strain FBI0O9, which is ura"> was transformed, with 
these colonies to see whether the ura~ mutation could 
be complemented. All Km R isolates were found to be 
able to ca^>lement the ura" mutation in this strain. 

The cloned yeast DNA was then analyzed with 
restriction endonucleases. The patterns generated by 
EcoRI, Hiadlll, SphI, Clal, Pst and Smal were compar- 
ed. The DBAs of 12 different isolates were examined. 
Clones contained 10-25 kb inserts. When treated with 
the same restriction endonuclease, the restriction 
3 patterns generated from the DNA of * each isolate 
varied. The overall restriction patterns differed 
from the one obtained from plasmid pYMK3. Many sites, 
which were outside of the transposable element region 
of plasmid pYMK3 were found to be missing from the 
donned DBA . Although plasmid pYMK3 contains a single 
EcoRI site, several of the clonned inserts contained 
more than one EcoRI site. These results suggested 
that while the cloned yeast DNA contained the kanamy- 
cin and ura3 genes of the transposable element of 
plasmid pYMK3, they did not contain other regions of 
that plasmid. Thus only the transposable element 
region, bat not the plasmid region of plasmid pYMK3 
had been cloned. 
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*n isolate of the above described clones, d..i» 
T ^79-b was found to contain four EcoRI 
nated as p«KK79 b. . g kb ^ sije . The 

fragments of 10, 5.0, , plasmi d pBR329. 

4 .0 Kb fra 9 meot was ident.f ^ as the P^ ^ ^ 

In order to ^^^^ ori 9 in, the plas- 
f raiments were of yeast and the 

mid bha of P«KK79-b was ied , oick - 

«- a n 5 kb fragments wece f« 

1 ' r i t h 3V.iph.-axH and used as probes in a 

translated wxth P alp ^ stMlfl . 

DNA-DNA ^^" ^,1 bXot ted to nitroc.llu- 
YF436 l ^-^^7 a9ments from «43« were then 
lose paper. -The MB . J tadlola beled probe. The 
hyb ridised to the dena ured ^ ^ g _ 

results of the hybriaiza capa ble of hy- 

AU three fragments .were fou£ to - ^ ^ 

bCld i 2i Z retlts therefore surest that ah 

somal DNA. These , t Q f plasmid 

association of the ""^""''r^ occurred. 
pYMK3 with the yeast chromosomal DNA had 
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Example 7 

Eukaryotic Transposition Using ars-8ased Plasmids 



The plasmids described previously in the examples as being useful 
in obtaining transposition in eukaryotes i.e. pYMK2, pYMK3 and 
their source vector pYCDE2 comprise the 2 yeast origin of 
replication. Like the 2 -based yeast plasmids, ars-based plasmids 
are commonly used as cloning vectors in yeast. Both the 2 and 
ars (autonomously replicating sequence) regions function as 
rep! icons in yeast. Both are useful in the present invention but 
the ars-based plasmids are preferred because they are less stable 
in the yeast host, a property which can facilitate detection of a 
transposition event, and because the lower copy number of the ars 
region in the yeast host decreases the occurrence of homologous 
recombination. 

To confirm the utility of ars-based plasmids in the present 
invention, plasmid pYHK12 was constructed and tested. To prepare 
pYMK12, a 1.4 kb EcoRI fragment containing the ars region and 
coding f or trj> was extracted from plasmid Yrp7 (see Tschumper and 
Carbon, 1980, Gene, 10, 157-166) and cloned into the EcoRI site of 
pBR322. Into the resulting construct was cloned the EcoRISal I 
fragment from pYMK2 described previously when encodes the ADHI 
promoter, the nuclear localization sequence of the SV40 T antigen, 
the Tn5 transposase structural gene and the CYC1 terminator, 
thereby creating pYMK12 shown in Figure 14. The plasmid pYMK12 
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represents a useful vector for Introducing a transposable element 
into yeast in a manner substantially as described for pYMK2 but 
having an ars-repl ication sequence rather than a 2 replication 
region. 

Transposable element Tn5/ura was introduced within the Ampicillin 
resistance coding region of pYMK12, providing pYMK12/Tn5/ura. In 
parallel, a control vector was created from pYMK12 by extracting a 
Sall/Xhol fragment (shown as "0el/pYMK13 in Figure 14) from the 
3' end of the transposase gene of pYMK12, thereby providing pYMK13 
into which the Tn5/ura region was inserted as described for 
pYMK12. Thus, pYMK13/TnS/ura provides a construct which, apart 
from its inability to encode a functional mRNA transcript of the 
transposase gene, has substantially the same characteristics as 
pYMK12/Tn5/ura. 

In separate experiments, cells of yeast strains CMY135 were 
transformed with pYMK12/TnS/ura and pYMK13/Tn5/ura, respectively, 
using procedures outlined in Example 4. Colonies surviving on 
uracil were screened further for the trp_ phenotype. Of the 3,000 
colonies screened, 0.05J of those resulting from pYMK12/Tn5/ura 
were ura+ trp~ whereas none of the pYMK13/Tn5/ura (the deletion 
derivative) transformants exhibited this phenotype; all of the 
latter were ura+ trp" indicating that transposition occurred only 
i n the pYMK12/Tn5/ura transformants . 
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Subsequent analysis of total DNA of a ura* trp- colony revealed 
that plasmid oYHK12/TnS/ura was no longer present in the cell as 
expected given the poor stability of ars-based plasmids In yeast. 
Further analysis provided a 20 kb EcoRI genomic fragment to which 
probes for ars, ura, neomycin and transposase hybridized but to 
which probes for trp and pBR322 did not (some very weak homology) 
indicating that the Tn5 /ura element had become genomically 
incorporated substantially independently of plasmid DNA 
incorporation. The isolated 20 kb genomic fragment appeared to be 
in a single copy although it Is slightly larger than the Tn5/ura 
element per se. Mapping of the 20 kb fragment using a variety of 
restriction enzymes and probes revealed that the non-Tn5 /ura 

* 

fragments on the 20 kb fragment were not plasmid-borne suggesting 
that the Tn5/ura element per se_ had transposed from its plasmid 
vector. 

Accordingly, transposition of the yeast genome can be accomplished 
using vectors which contain a 2i» replication origin or, pre- 
ferably, an ars sequence in order to introduce the transposable 
element into the host according to the present invention. 
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Example 8 

Construction of a Plasmid Containing a Transposable Element " 
Capable of Controlling Gene Expression 

Plasmid pYMKlOO was constructed in order to provide a transposable 
element which, when integrated into chromosomal ON A, would be 
capable of controlling the expression of those chromosomal genes 
adjacent to the site of its insertion. The distinguishing 
features of plasmid pYMKlOO are that it contains a transposable 
element into which a heterologous promoter has been inserted. 
Importantly, the promoter is capable of directing transcription 
toward and past one of the ends of the transposable element. 
Thus, upon insertion 
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of the transposable element into a chromosomal 
site, the heterologous promoter will become operably 
linked to the chromosomal DNA sequence adjacent to the 
insertion site. The heterologous promoter of plasmid 
pYMKlOO is the gal 10 promoter of Saccharomvces cere- 
vis iae (St. John, P.P., et al. r J; — Mol. BioL, 

152:285-316 (1981) ; Johnston, M. , et_al. , Mol. Cell. . 
Biol^, 4:1440-1448 (1984) ? Guarente, L., et_al . , Proc. . 
Natl! lead. Sci. USA, 29:7410-7414 (1982); Fried, 
H.M., et al ., MoT- Cell. Biol. , 5:99-108 (1985)). 

Plasmid pY2«Kl00 was constructed as follows. Plas- 
mid YCDE2 was incubated in the presence of Sphl and 
Kpnl restriction endonucleases in order to liberate a 
6.85 kb Sphl-Xpnl fragment containing the two micron 
origin of replication, the plasmid pBR322 origin of 
replication, the yeast trpl gene and the ampicillin 
resistance determinant of plasmid pBR322. The 6.85 kb 
Sphl-Kpnl fragment was isolated and purified. 

A derivative of plasmid pYMK| which contained a 
transposable element was purified and designated 
pYMK4 . This plasmid is essentially identical to that 
of plasmid pYMK3 except that the insertion site of the 
transposable element in plasmid pYMK4 is somewhat fur- 
ther from the two micron origin of replication than is 
the transposable element of plasmid pYMK3. In addi- 
tion, the orientations of the transposable elements in 
plasmids pYMK3 and plasmid pYMK4 are inverted with 
respect to one another. Plasmid pYMK4 was incubated 
in the presence of Sphl restriction endonuclease, and 
a 4.5 kb Sphl-SphI fragment was isolated. This frag- 
ment contained the Tn5 transposase gene operably 
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linked to a nuclear localization signal sequence 
region which was itself operably linked to the yeast 
ADHI promoter. In addition, this fragment contained 
the left hand inverted terminal repeat region of the 
Tn5 transposable element. 

Plasmid pYMK4 was additionally incubated in the 
presence of SphI and BamHI restriction endonucleases , 
in order to isolate a 2.2 kb fragment having SphI and 
BamHI termini. This 2.2 kb fragment contained the 

yeast ura3_ gene. 

The gal 10 promoter of Saccharomy ces cerevisiae 

was isolated on an approximately 685 bp fragment 

having EcoRI and BamHI termini. 

In order for the transposable element of plasmid 

pYMKlOO to be capable of undergoing transposition, it 

was necessary that it have both left and right handed 
inverted repeated termini regions. An oligonucleotide 

was synthesized which contained a transposase binding 
site, and which could function as the right hand 
inverted repeated region necessary for transposition. 
The transposase recognition site of the oligonucleo- 
tide was bracketed by synthetically derived EcoRI and 
Kpnl restriction endonuclease cleavage sites. The 
nucelotide sequence of the synthetic oligonucleotide 
is shown below: 

5« AATTCGTGTATAAGAGTCAGGTAC 3' 
5* TTAAGCACATATTCTCAGTCCATG 5' 

The EcoRI recognition site is located at the left end 
of the above oligonucleotide; the Kpnl restriction 

site is located at the right hand 




termini. The transposase recognition site lies 
between these two restriction endonuclease cleavage 
sites. 

Plasmid pYMKlOO was therefore produced by ligating 
the Sphl end of the 6.85 kb Sphl-Kpnl fragment (from 
plasmid pYCDE2) to the Sphl end nearest to the ADHI 
promoter region of the 4.5 kb Sphl-SphI fragment of 
plasmid pY2*K4. The 2.2 kb Sphl-BamHI fragment (of 
plasmid pYMK4 ) was ligated to the free Sphl end (adja- 
cent to the inverted left terminal repeated region) of 
the Sphl- Sphl fragment. The EcoRI-BamHI fragment 
containing the gal 10 promoter sequence region was* 
ligated to the free BamHl site. Finally, the plasmid 
molecule was completed through the ligation of the 
synthetic EcoRI-Kpnl transposase recognition sequence 
fragment to the free Kpnl site (of the fragment from 
plasmid pYCDE2 ) and to the free EcoRI site of the gal 
10-containing fragment. Figure 7 shows, a restriction 
endonuclease cleavage map of plasmid pYMKlOO . 

Thus, - plasmid pYMKlOO contains a transposase gene 
capable of expressing a transposase enzyme in a 
eukaryotic cell. The plasmid also contains a trans— 
posable element which is recognized by the transposase 
enzyme, and which can undergo transposition into DNA 
present in the nucleous of a eukaryotic cell. When 
such transposition occurs, the gal 10 promoter^ will 
direct the transcription of DNA sequences which 
(through transposition) are now located adjacent to 
the synthetic right hand terminal region of the trans - 
posable element. Thus, the transcription of such DNA 
sequences will be dependant upon the induction (by 
galactose) of the gal 10 promoter. The consequence. 
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therefore, of transposition next to a particular ONA sequence, is 
to render the transcription of that DMA sequence under the control 
of the conditional gal 10 promoter. 



Variations to the constructs herein exemplified which improve the 
frequency of transposition and/or allow for control over 
transposition are also envisioned by the present Invention. 
Control over transposition can be attained, for example, by 
linking an inducible heterologous promoter such as the promoters 
of the meliblase gene, gal 1 gene or gal 10 gene of S. cerevisiae, 
to the transposase gene of Tn5 or Mu for example. By regulating 
the presence or concentration of Inducer such as galactose In the 
culture medium, the expression of the transposase gene and, by 
consequence, the transposition event, can be controlled. Such a 
modification can be essential in those cells which cannot tolerate 
constitutive expression of transposase and the resulting high 
frequency of transposition events. 

Eukaryotle cells typically package ONA by shrouding It 1n protein 
known as hi stones. This can be a disadvantage if plasmid vector 
DNA and the transposable element contained on 1t become shrouded 
in histones, particularly when the sites within the transposable 
element termini to which transposase binds are histone coated and 
therefore possibly rendered Inert to transposase action. While 
the embodiments exemplified herein clearly establish that 
transposition can be obtained within eukaryotes notwithstanding 
the ability of the host to hi stone-package DMA, 1t Is believed 
that the frequency of transposition In these hosts may be enhanced 
by Incorporating within the transposable element termini 
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and adjacent the transposase binding sites therein, a DNA sequence 
which is relatively inert to hi stone binding. Such sequences are 
known in the art as upstream activating sequences (uas) (see 
Ginger et al., 1985 Cell, 40, 767-774 and references cited 
therein). 

One example of a plasmid in which a transposable element having 
uas sequence located appropriately therein is pYMK30. The plasmid 
YMK30 comprises, as a transposable element, truncated (25bp) Tn5 
termini each bordering the uas sequence of jja}_ of S. cerevisiae 
and, between the uas sequences, the ura coding region. This 
transposable element has been assembled on p329 liberated and then 
cloned into pYMK12 described previously. In addition to 
containing uas sequences adjacent to the Tn5 truncated termini, 
pYMK30 comprises the heterologous _gal_ 10 promoter linked operably 
to the TnS structural transposase gene. Plasmid pYMK30 is shown 
in Figure 15 and the DMA sequence of one termi nus/uas segment is 
provided in Figure 16. The other terminus is substantially as 
indicated 1n Figure 16 but is expressed in the reverse direction. 
Thus, plasmid YMK30 combines two advantageous modifications; the 
Incorporation of sequences to which histones do not bind, located 
at sites sufficiently close to transposase binding sites as to 
interfere with hi stone binding at those sites; and an inducible 
heterologous promoter operably linked to the Tn5 transposase 
structural gene. Transformation of host cells with such vectors 
Is performed substantially as hereinbefore described and 
transposed hosts similarly Isolated. 
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While the Invention has been described in connection with specific 
embodiments thereof, it will be understood that it is capable of 
further modifications and this application is intended to cover 
any variations, uses, or adaptations of Invention following, in 
general, the principles of the invention and including such 
dispartures from the present disclosure as come within known or 
customary practice within the art to which the invention pertains 
and as may be applied to the essential features hereinbefore set 
forth and as follows in the scope of the appended claims. 
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CI ai ms : 

1. A recombinant DNA molecule which comprises a transposase 
gene having a restriction endonuclease recognition site, such that 
said transposase gene is capable of being operably linked to a ONA 
sequence selected from the group consisting of: a heterologous 
promoter region sequence or a nuclear localization signal 

sequence. 

2. A DNA construct which comprises a transposase gene 
operably linked to a nuclear localization signal sequence. 

3. A DNA construct which comprises a transposase gene 
operably linked to a heterologous promoter region. 

♦ m 

4. The DNA construct of claim 3 wherein said promoter region 
is capable of directing the expression of said transposase gene 1n 
a prokaryote. 

5. The DNA construct of claim 3 wherein said promoter region 
is capable of directing the expression of said transposase gene in 
a eukaryote. 

6. The DNA construct of claim 5 wherein said transposase gene 
is additionally operably linked to a nuclear localization signal 
sequence. 
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7. The ONA construct of any claims 3-6 wherein a restriction 
endonuclease recognition site is present between said transposase 
gene and said heterologous promoter region. 

8. The ONA construct of claim 6 wherein a restriction 
endoclease recognition site is present between said nuclear 
localization signal sequence and said transposase gene, 

9. A transposable element which contains an exogenous ONA 
sequence. 

10. The transposable element of claim 9 wherein said exogenous 
ONA sequence comprises a detectable marker gene. 

r 

11. The transposable element of claim 10 wherein said 
detectable marker gene is selected from the group consisting of: 
genes which confer cellular resistance to antibiotics, the 
luciferase gene, genes involved in biosynthesis, and genes 
involved in metabolism. 

12. The transposable element of any of claims 9-11 wherein 
said exogenous DNA sequence comprises a ONA construct which 
comprises a transposase gene operably linked to a heterologous 
promoter region. 
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13. The transposable element of claim" 12 wherein said 
transposase gene is additionally operably linked to a nuclear 
localization signal sequence. 

14. The transposable element of claim 12 wherein said 
transposase gene is capable of expressing a transposase enzyme, 
said enzyme being capable of catalyzing the transposition of said 
transposable element. 

15. The transposable element of claim 13 wherein said 
transposase gene is capable of expressing a transposase enzyme, 
said enzyme being capable of catalyzing the transposition of said 
transposable element. 

16. The transposable element of claim 9 wherein said exogenous 

-I? 

DNA sequence contains a heterologous promoter region sequence. 

17. The transposable element of claim 15 wherein said 
heterologous promoter region sequence is capable of directing the 
transcription of an additional DNA sequence when said additional 
DNA sequence Is linked to said transposable element. 

18. The transposable element of claim 17 wherein said 
heterologous promoter region sequence 1s operably linked to a 
secretory signal sequence. 
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19. The transposable element of claim 16 wherein said 
heterologous promoter region is capable of directing gene 
expression in a prokaryote. 

20. The transposable element of claim 16 wherein said 
heterologous promoter region is capable of directing gene 
expression in a eukaryote. 

21. The transposable element of any of claims 16-20 wherein 
said heterologous promoter region sequence is a conditional 
promoter region sequence* 

22. The transposable element of claim 21 wherein said 
transposable element additionally contains and expressible gene 
whose product is capable of (1) recognizing said conditional 
promoter region sequence and (11) controlling the ability of said 
conditional promoter region sequence to direct gene expression. 

23. A DNA molecule which is comprised of the transposable 
element of claim 21 and an expressible gene whose product is 
capable of (i) recognizing said conditional promoter region 
sequence and (ii) controlling the ability of said conditional 
promoter region to direct gene expression* 

24. A DNA molecule which comprises the transposable element of 
claim 16 and DNA construct, said DNA construct comprising a 
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transposase gene, said transposase gene being operably linked to a 
heterologous promoter region sequence. 



25. A ONA molecule which comprises a transposable element and 
a ONA construct, said DNA construct comprising a transposase gene, 
said transposase gene being operably linked to a heterologous 
promoter region sequence. 

26. The DNA molecule of claim 25 wherein said transposase gene 
is capable of expressing a transposase enzyme, said enzyme being 
capable of catalyzing the transposition of said transposable 

el ement. 

27. A DNA molecule which comprises a transposable element and 
a DNA construct, said DNA construct comprising a transposase gene, 
said transposase gene being operably linked to a nuclear 
localization signal sequence. 

28. The DNA molecule of claim 27 wherein said nuclear 
localization signal sequence 1s additionally operably linked to a 
heterologous promoter region sequence. 

29. The DNA molecule of claim 29 wherein said exogenous DNA 
sequence comprises a detectable marker gene. 
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30. The DNA molecule of claim 29 wherein said exogenous ONA 
sequence comprises a detectable marker gene. 

31. The ONA molecule of claim 30 wherein said detectable 
marker gene is selected from the group consisting of: genes which 
confer cellular resistance to antibiotics, the luc if erase gene, 
genes involved in biosynthesis, and genes involved in metabolism. 

32. A method for inducing transposition in a prokaryotic cell 
which comprises: 

(a) providing to said prokaryotic cell, 

(I) a transposable element, and 

(II) a DNA construct which comprises a transposase gene 
operably linked to a heterologous promoter region, 
wherein said transposase gene expresses a 
transposase enzyme capable of recognizing said 
transposable element (1) and directing its 
transposition in said prokaryotic cell , and 

Cbl permitting said DNA construct (11) to express said 
transposase gene and direct the transposition of said 
tr ansposabl e el ement CD. 

33. The method of claim 32 wherein said transposable element 
(1) is incapable of directing Its own transposition. 
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34. The method of claim 32 wherein said heterologous promoter 
region 1s derived from said prokaryotlc cell 

■ 

35. The method of claim 33 wherein said heterologous promoter 
region is derived from said prokaryotic cell. 

36. The method of any of claims 32-35 wherein said 
transposable element contains an exogenous DNA sequence. 

37. The method of any of claims 32-35 wherein said . 
transposable element and said DNA construct are present on the 
same DNA molecule. 

38. The method of claim 36 wherein said transposable element 
and said DNA construct are present on the same DNA molecule. 

♦ 

39. A method for inducing genetic transposable 1n a eukaryotlc 
cell which comprises: 

(a) providing to said eukaryotic cell, 
(1) a transposable element, and 

(ii) a DNA construct which comprises a transposase gene 
operably linked to a nuclear localization signal 
sequence, said nuclear localization signal sequence 
being operably linked to a promoter region; said 
transposase gene being heterologous to said promoter 
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region or to said nuclear localization signal 
sequence, wherein said promoter region directs the 
synthesis of a transposase enzyme, said enzyme being 
linked to the amino acid sequence encoded by said 
nuclear localization signal sequence, and capable of 
entering the nucleus of said eukaryotic cell; said 
enzyme being capable of recognizing said 
transposable element (i) and directing its 
transposition in said eukaryotic cell, and 
(b) permitting said DNA construct (ii) to express said 

transposase enzyme and direct the transposition of said 

transposase element (i). 

■ 

40. The method of claim 39 wherein said transposable element 
(i) is incapable of directing its own transposition. 

41. The method of claim 39 wherein said promoter region is 
derived from said eukaryotic cell. 

42. The method of claim 40 wherein said promoter region is 
derived from said eukaryotic cell. 

43. The method of any of claims 39-41 wherein said 
transposable element contains an exogenous DNA sequence. 
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44. The method of any of claims 39-42 wherein said 
transposable element and said DNA construct are present on the 
same ONA molecule. 

* 

45. The method of claim 43 wherein said transposable element 
and said DNA construct are present on the same DNA molecule. 

46. A method for controlling the expression of a target gene 
in a prokaryotic cell which comprises: 

(a) providing to said prokaryotic cell, 

(i) a transposable element, said transposable element 
containing an exogeneous DNA sequence which 
comprises a conditional and heterologous promoter 
region sequence capable of directing the 
transcription In said prokaryotic cell of an 
additional DNA sequence when said additional DNA 
sequence Is linked to said transposable element, and 

(ii) a DNA construct which comprises a transposase gene 
operably linked to a heterologous promoter region, 
wherein said transposase gene expresses a 
transposase enzyme capable of recognizing said 
transposable element (1) and directing Its 
transposition in said prokaryotic cell, 

(b) permitting said DNA construct (11) to express said 
transposase gene and direct the transposition of said 
transposable element (1) and 
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(c) examining for said prokaryotic cell in which said 
transposition has occurred and in which the expression of 
said target gene is regulated by said conditional and 
heterologous promoter, 

47* The method of claim 46 wherein said prokaryotic cell is 
additionally provided with an expressible gene whose product is 
capable of (i) recognizing said, conditional- an<L heterologous 
promoter region sequence and (ii) controlling the ability of said 
conditional promoter region sequence to direct gene expression • 

48. A method for controlling the expression of a target gene 

in a eukaryotic cell which comprises: 

* 

(a) providing to said eukaryotic cell, 

(i) a transposable element, said transposable element 
containing an exogenous DNA sequence which comprises 
a conditional and heterologous promoter region 
sequence capable of directing the transcription in 
said eukaryotic cell of an additional DNA sequence 
when said additional DNA sequence is linked to said 
transposable element, and 

(ii) a DNA construct which comprises a transposase gene 
operably linked to a nuclear localization signal 
sequence, said nuclear localization signal sequence 
being operably linked to a promoter region; said 
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transposase gene being heterologous to said promoter 
region or to said nuclear localization signal 
sequence, wherein said promoter region directs the 
synthesis of a transposase enzyme, said enzyme being 
linked to the amino acid sequence encoded by said 
nuclear localization signal sequence, and capable of 
entering the nucleus of said eukaryotic cell; said 
enzyme being capable of recognizing said 
transposable element (Pi) and directing its 
. transposition in said eukaryotic cell, and 

(b) permitting said DNA construct (1i) to express said 
transposase enzyme and direct the transposition of a said 
transposable element (i) and 

(c) examining for said eukaryotic cell in which said 
transposition has occurred and in which the expression of 
said target gene 1s regulated by said conditional and 
heterologous promoter. 

49. The method of claim 48 wherein said eukaryotic cell is 
additionally provided with an expressible gene whose product is 
capable of (i) recognizing said conditional and heterologous 
promoter region sequence (H) controlling the ability of said 
conditional promoter region sequence to direct gene expression. 



50. The plasmid pMKK58, and its functional derivatives 
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51. The plasiaid pYMK3, and its functional derivatives. 



52. The plasmid pYMKlOO, and its functional derivatives. 

53. A DNA construct which comprises a transposase gene 
operably linked to a heterologous promoter wherein said promoter 
functions in a Streptomyces host. 

54. The DNA construct of claim 53 which comprises a 
- transposable element. 

55. A Streptomyces host having a transposable element within 
genomic DNA thereof. 

56. A DNA construct comprising a transposable element having 
upstream activating sequences incorporated adjacent to the termini 
of said transposable element. 

* 

57. A DNA molecule comprising the construct of claim 56 and a 
second DNA construct comprising a transposase gene operably linked 
to a heterologous promoter and a nuclear localization signal 
sequence. 
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Functional Map of pYMK2 Plasmid 
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FIGURE 6 




A - X HINO III 

B - Total ONA from Y*436/pYWK3 cut with ScoRX 
C - Total DMA from Y*436 cut with EcoRl 
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Left-hand Terminal Region of Tn5 
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